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REVISIONS  AND  CORRECTIONS 

AREA  Proceedings,  Volume  44  (1943) 

Page  145,  in  seventeenth  line,  change  sentence  to  read:  "To  date  tests  with  embrittle- 
ment  detectors  have  been  made  on  but  one  of  the  carbon  molybdenum  steels"  etc. 

Page  183,  in  formula  for  velocity  head,  change  1.467F2  in  numerator  to   (1.467F)2. 

Page  377,  in  last  equation  for  Steam  Hammer,  correct  the  first  portion  to   read: 

R  = 


1 


S+0.1 
Page  401,  correct  latter  portion  of  formulas  in  (a)   and  (b)   to  |  — —  )'  It 

Page  417,  under  Report  on  Assignment  2,  substitute  subcommittee  personnel  as 
follows:   G.  E.  Robinson  (chairman,  subcommittee),  A.  C.  Irwin,  H.  T.  Welty. 

Page  501,  first  sentence  following  section  8.  Bolts,  insert  a  comma  between  the  words 
"diameter"  and  "of". 

Page  502,  third  line  following  section.  11.  Forming  and  Punching  Plates,  change 
latter  portion  to  read:   "segments  of  an  arch  may  be  punched". 

Page  504,  ninth  line,  change  to  read:   "be  anchored  to  the  abutment  or  substructure". 

Page  506,  eleventh  line  of  Section  23.  Strutting  of  Pipe,  eliminate  comma  following 
the  word  "elongated". 

Page  515,  correct  first  sentence  to  read:  "Reinforced  concrete  walls  of  various  designs 
may  be  used,  of  which  the  cantilever,  counterfort  and  L-section  are  the  most  common". 

Page  545,  third  paragraph  under  heading  Grouting  Track  in  Service,  change  to  read: 
"Place  the  10-in.  face  of  the  timber  skids  on  the  subgrade.  As  many  of  these  openings", 
etc. 

Page  610,  last  line  of  caption  Fig.  13  should  read  "131-lb.  control-cooled  rail". 

Page  646,  in  second  table  on  page,  first  line,  last  column,  change  percentage  figure 
from  0.5  to  0.05. 

Page  648,  change  next  to  last  paragraph  as  follows:  "The  committee  regards  this  as 
a  rather  striking  confirmation  of  the  recommendation  originally  made  by  Dr.  T.  E. 
Snyder,  senior  entomologist,  Forest  Insect  Investigations,  U.  S.  Bureau  of  Entomology 
and  Plant  Quarantine,  at  the  time  he  was  in  charge  of  termite  research  for  the  federal 
government,  and  by  your  committee  in  its  previous  reports,  to  the  effect  that  properly 
constructed  shields  may  be  regarded  as  a  100  percent  deterrent  to  the  advance  of  ter- 
mites to  parts  of  a  building  above  the  foundation  wall".  (See  Proceedings,  Vol.  31,  1930, 
page  741;  Vol.  35,  1934,  page  757;  Vol.  37,  1936,  page  528;  Vol.  42,  1941,  page  541.) 
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CONSTITUTION 

Revised  to  June  7,  1940 


Article  I 

Name,  Object  and  Location 

1.  Name 

The  name  of  this  Association  shall  be  the  AMERICAN  RAILWAY  ENGINEERING 
ASSOCIATION. 

2.  Object 

The  object  of  the  Association  shall  be  the  advancement  of  knowledge  pertaining 
to  the  scientific  and  economic  location,  construction,  operation  and  maintenance  of 
railways. 

3.  Means  to  be  Used 

The  means  to  be  used  for  this  purpose  shall  be: 

(a)  The  investigation  of  matters  pertaining  to  the  object  of  the  Association 
through  Standing  and  Special  Committees. 

(b)  Meetings  for  discussion  of  reports  and  papers. 

(c)  The  publication  of  papers,  reports  and  discussions. 

4.  Conclusions 

The  conclusions  reached  shall  be  recommendatory. 

5.  Location 

The  office  of  the  Association  shall  be  located  in  Chicago,  Illinois. 

Article  II 
Membership 

1.  Classes 

The  membership  of  this  Association  shall  be  divided  into  five  classes:  Members, 
Life  Members,  Honorary  Members,  Associates  and  Junior  Members. 

2.  Qualifications 

A.  General 

(a)  An  applicant  to  be  eligible  for  membership  in  any  class  other  than  that  of 
Junior  Member  shall  be  not  less  than  twenty-five  (25)  years  of  age. 

(b)  To  be  eligible  for  election  to  or  retention  of  membership  as  a  Member  or  an 
Associate,  a  person  shall  not  be  engaged  directly  and  primarily  in  the  sale  to  railways 
of  appliances,  supplies,  patents  or  patented  services. 

B.  Member 

A  Member  shall  be: 

(a)  An  Engineer  or  Officer  in  the  service  or  on  the  retired  list  of  a  railway  cor- 
poration who  has  had  not  less  than  five  (5)  years'  of  experience  in  the  location,  con- 
struction, operation  or  maintenance  of  railways. 

Graduation  in  engineering  from  a  school  of  recognized  standing  shall  be  considered 
as  equivalent  to  three  (3)   years  of  active  practice,  and  the  satisfactory  completion  of 
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each  year  of  work  in  such  school,  without  graduation,  shall  be  considered  as  equivalent 
to  one-half  year  of  active  practice. 

(b)  A  Professor  of  Engineering  in  a  university  or  college  of  recognized  standing. 

(c)  An  Engineer  or  Member  of  a  public  board  or  commission  who  in  the  discharge 
of  his  regular  duties  deals  with  railway  problems. 

(d)  An  Engineering  Editor  of  a  magazine  which  deals  primarily  with  railway 
matters. 

C.  Life  Member 

A  Life  Member  shall  be  a  Member  who  has  paid  dues  for  thirty-five  (35)  years,  or 
who  has  been  retired  under  a  recognized  retirement  practice  and  has  paid  dues  for  not 
less  than  twenty-five  (25)  years. 

D.  Honorary  Member 

(a)  An  Honorary  Member  shall  be  a  person  of  acknowledged  eminence  in  railway 
engineering  or  management. 

(b)  The  number  of  Honorary  Members  shall  be  limited  to  ten  (10). 

E.  Associate 

An  Associate  shall  be: 

(a)  An  Engineer  of  a  railway  which  is  essentially  an  adjunct  of  an  industry  or 
which  is  used  primarily  to  transport  the  products  and  materials  of  an  industry  to  and 
from  a  railway  which  is  a  common  carrier. 

(b)  A  person  qualified  by  training  and  experience  to  co-operate  with  Members 
in  the  object  of  this  Association  but  who  is  not  qualified  to  become  a  Member. 

F.  Junior  Member 

(a)  A  Junior  Member  shall  be  not  less  than  twenty-one  (21)  years  of  age  and 
shall  be  an  engineering  employee  of  a  railway  corporation  who  has  had  not  less  than 
three  (3)  years  of  experience  in  the  location,  construction,  operation  or  maintenance  of 
railways. 

Graduation  in  engineering  from  a  school  of  recognized  standing  shall  be  considered 
as  equivalent  to  three  (3)  years  of  active  practice,  and  the  satisfactory  completion  of 
each  year  of  work  in  such  school  without  graduation,  shall  be  considered  as  equivalent 
to  one-half  year  of  active  practice. 

(b)  His  membership  in  this  Association  shall  terminate  at  the  end  of  the  calendar 
year  in  which  he  becomes  thirty  (30)  years  of  age. 

(c)  He  may  make  application  for  membership  other  than  as  a  Junior  Member  at 
any  time  when  he  becomes  eligible  to  do  so. 

3.  Transfers 

The  Board  of  Direction  shall  transfer  from  one  class  of  membership  to  another, 
or  may  remove  from  membership  any  person  whose  qualifications  so  change  as  to 
warrant  such  action. 

4.  Rights 

(a)  Members  and  Life  Members  shall  have  all  the  rights  and  privileges  of  the 
Association. 

(b)  Honorary  Members  shall  have  all  the  rights  and  privileges  of  the  Association 
except  those  of  holding  elective  office,  provided,  however,  that  Members  or  Life  Members 
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who  are  elected  Honorary  Members  shall  retain  all  the  rights  and  privileges  of  the 
Association. 

(c)  Associates  and  Junior  Members  shall  have  all  the  rights  and  privileges  of  the 
Association,  except  those  of  voting  and  holding  elective  office. 

Article  III 
Admission,  Resignation,  Expulsion  and  Reinstatement 

1.  Charter  Membership 

The  Charter  Membership  of  this  Association  consists  of  all  persons  elected  to  mem- 
bership before  March  15th,  1900. 

2.  Application  for  Membership 

(a)  A  person  desirous  of  membership  in  this  Association  shall  make  application 
upon  the  form  provided  by  the  Board  of  Direction.  In  the  event  that  Junior  Membership 
is  desired,  the  application  shall  so  state. 

(b)  The  applicant  shall  give  the  names  of  at  least  three  Members  of  this  Asso- 
ciation to  whom  personally  known.  Each  of  such  Members  shall  be  requested  by  the 
Secretary  of  the  Association  to  certify  to  a  personal  knowledge  of  the  applicant  with  an 
opinion  of  the  applicant's  fitness  or  otherwise  for  membership. 

(c)  If  an  applicant  is  not  personally  known  to  three  Members  of  this  Association, 
the  names  of  at  least  three  well  known  persons  engaged  in  railway  or  allied  professional 
work  to  whom  personally  known  shall  be  given  instead.  Each  of  such  persons  shall  be 
requested  by  the  Secretary  of  the  Association  to  certify  to  a  personal  knowledge  of  the 
applicant  with  an  opinion  of  the  applicant's  fitness  or  otherwise  for  membership. 

(d)  No  further  action  shall  be  taken  upon  the  application  until  replies  have  been 
received  from  at  least  three  of  the  persons  named  by  the  applicant  as  references. 

3.  Election  to  Membership 

(a)  Upon  completion  of  the  application  in  accordance  with  Section  2  of  this  Article 
the  Board  of  Direction  through  its  Membership  Committee  shall  consider  the  application 
and  make  such  investigation  as  it  may  consider  desirable  or  necessary. 

(b)  Upon  completion  of  such  consideration  and  investigation,  each  member  of  the 
Board  of  Direction  shall  be  supplied  with  all  the  information  obtained,  together  with  the 
recommendation  of  the  Membership  Committee  as  to  the  class  of  membership,  if  any, 
to  which  the  applicant  is  eligible  and  the  admission  of  the  applicant  shall  be  canvassed  by 
letter  ballot  among  the  members  of  the  Board  of  Direction. 

(c)  In  the  event  that  an  application  has  been  made  under  the  provisions  of  Section  2, 
Paragraphs  (a)  and  (b)  of  this  Article,  a  two-thirds  affirmative  vote  of  the  entire  Board 
of  Direction  shall  be  required  for  election. 

(d)  In  the  event  that  an  application  has  been  made  under  the  provisions  of  Section  2, 
Paragraphs  (a)  and  (c)  of  this  Article,  a  unanimous  affirmative  vote  of  the  entire  Board 
of  Direction  shall  be  required  for  election. 

4.  Subscription  to  the  Constitution 

A  person  elected  to  membership  in  this  Association  shall  subscribe  to  its  Constitution 
on  the  form  prescribed  by  the  Board  of  Direction.  If  this  provision  has  not  been  com- 
plied with  within  six  months  of  notice  of  election  the  election  shall  be  considered  null 
and  void. 

5.  Honorary  Member 

A  proposal  for  Honorary  Membership  shall  be  endorsed  by  ten  or  more  Members  of 
the   Association  and   a   copy   furnished  each   member  of   the   Board   of   Direction.    The 
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nominee  shall  be  declared  an  Honorary  Member  upon  receiving  a  unanimous  vote  of  the 
entire  Board  of  Direction. 

6.  Resignation 

The  Board  of  Direction  shall  accept  the  resignation,  tendered  in  writing,  of  any 
person  holding  membership  in  the  Association  whose  obligations  to  the  Association  have 
been  fully  met. 

7.  Expulsion 

Charges  may  be  preferred  in  writing  by  ten  or  more  Members  against  a  person  hold- 
ing membership  in  the  Association.  The  person  complained  of  shall  be  served  with  a 
copy  of  such  charges  and  shall  be  given  an  opportunity  to  answer  them  to  the  Board  of 
Direction.  After  such  opportunity  has  been  given,  the  Board  of  Direction  shall  take 
final  action.  A  two-thirds  affirmative  vote  of  the  entire  Board  of  Direction  shall  be 
required  for  expulsion. 

8.  Reinstatement 

(a)  A  person  having  been  a  Member,  an  Associate  or  a  Junior  Member  of  this 
Association  and  having  resigned  such  membership  while  in  good  standing  may  be 
reinstated  by  a  two-thirds  affirmative  vote  of  the  entire  Board  of  Direction. 

(b)  A  person  having  been  a  Member,  an  Associate  or  a  Junior  Member  of  this 
Association  and  having  forfeited  membership  under  the  provisions  of  Article  IV,  Sec- 
tion 3,  may,  upon  such  conditions  as  may  be  fixed  by  the  Board,  be  reinstated  by  a 
two-thirds  affirmative  vote  of  the  entire  Board  of  Direction. 


Article  IV 

Dues 

1.  Entrance  Fee 

(a)  An  entrance  fee  of  ten  dollars  ($10.00)  shall  be  payable  to  the  Association  with 
each  application  for  membership  other  than  Junior  Membership.  This  sum  shall  be 
returned  to  an  applicant  not  elected. 

(b)  No  entrance  fee  shall  be  payable  to  the  Association  on  account  of  Junior 
Membership. 

2.  Annual  Dues 

(a)  The  annual  dues  for  each  Member  and  each  Associate  shall  be  ten  dollars 
($10.00). 

(b)  The  annual  dues  for  each  Junior  Member  shall  be  five  dollars  ($5.00). 

(c)  Life  Members  and  Honorary  Members  shall  be  exempt  from  the  payment 
of  dues. 

3.  Arrears 

A  person  whose  dues  are  not  paid  before  April  1st  of  the  current  year  shall  be 
notified  by  the  Secretary.  If  the  dues  are  still  unpaid  on  July  1st  further  notice  shall 
be  given  and  a  delinquent  Member  shall  lose  the  right  to  vote.  If  the  dues  remain 
unpaid  October  1st  the  person  shall  be  notified  on  the  form  prescribed  by  the  Board  of 
Direction,  and  shall  no  longer  receive  the  publications  of  the  Association.  If  the  dues 
are  not  paid  by  December  31st,  the  person  shall  forfeit  membership  without  further  action 
or  notice,  except  as  provided  for  in  Section  4  of  this  Article. 
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4.  Remission  of  Dues 

The  Board  of  Direction  may  extend  the  time  of  payment  of  dues,  and  may  remit 
the  dues  of  any  Member,  Associate  or  Junior  Member  who,  for  good  reason,  is  unable 
to  pay  them. 

Article  V 

Officers 

1.  Officers 

(a)  The  officers  of  the  Association  shall  be  a  President,  two  Vice-Presidents,  nint 
Directors,  a  Secretary  and  a  Treasurer. 

(b)  The  President,  the  Vice-Presidents  and  the  Directors,  together  with  the  five 
latest  living  Past-Presidents  continuing  to  be  Members,  shall  constitute  the  Board  of 
Direction,  in  which  the  government  of  the  Association  shall  be  vested,  and  shall  act  as 
Trustees  and  have  the  custody  of  all  property  belonging  to  the  Association.  The 
President,  the  Vice-Presidents  and  the  Directors  shall  be  Members. 

(c)  The  Secretary  and  the  Treasurer  shall  be  appointed  by  the  Board  of  Direction. 

2.  Term  of  Office 

The  term  of  office  of  the  President  shall  be  one  year,  of  the  Vice-Presidents  two 
years  and  of  the  Directors  three  years.  The  term  of  each  shall  begin  at  the  close  of 
the  Annual  Convention  at  which  elected  and  continue  until  a  successor  is  qualified. 
All  other  officers  and  employees  shall  hold  office  or  position  during  the  pleasure  of  the 
Board  of  Direction. 

3.  Officers  Elected  Annually 

(a)  There  shall  be  elected  at  each  Annual  Convention  a  President,  one  Vice- 
President  and  three  Directors. 

(b)  The  candidates  for  President  and  for  Vice-President  shall  be  selected  from 
the  members  or  past  members  of  the  Board  of  Direction. 

4.  Conditions  of  Re-election  of  Officers 

A  President  shall  be  ineligible  for  re-election.  Vice-Presidents  and  Directors  shall 
not  be  eligible  for  re-election  to  the  same  office  until  at  least  one  full  term  has  elapsed 
after  the  end  of  their  respective  terms. 

5.  Vacancies  in  Offices 

(a)  When  a  vacancy  occurs  in  the  office  of  President  the  duties  shall  be  performed 
by  the  senior  Vice-President. 

(b)  When  a  vacancy  occurs  in  the  office  of  either  Vice-President  the  Board  of 
Direction  shall  select  a  Vice-President  from  among  the  Directors.  A  Vice-Presidency 
shall  not  be  considered  vacant  when  one  of  the  Vice-Presidents  is  filling  a  vacancy  in 
the  Presidency. 

(c)  A  vacancy  in  the  office  of  Director  shall  be  filled  by  the  Board  of  Direction. 

(d)  An  incumbent  in  any  office  for  an  unexpired  term  shall  be  eligible  for  re- 
election to  the  office  held;  provided  however,  that  anyone  appointed  to  fill  a  vacancy  as 
Director  within  six  months  after  the  term  commences  shall  be  considered  as  coming 
within  the  provisions  of  Article  V,  Section  4. 
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6.     Vacation  of  Office 

(a)  When  an  elected  officer  ceases  to  be  a  Member  of  the  Association,  as  provided 
in  Article  II,  the  office  shall  be  vacated. 

(b)  In  case  of  the  disability  of  or  neglect  in  the  performance  of  duty  by  an  officer, 
the  Board  of  Direction,  by  a  two-thirds  affirmative  vote  of  the  entire  Board,  shall  have 
the  power  to  declare  the  office  vacant. 

Article  VI 
Nomination  and  Election  of  Officers 

1.  Nominating  Committee 

(a)  There  shall  bo  a  Nominating  Committee  composed  of  the  five  latest  living 
Past-Presidents  of  the  Association,  who  are  Members,  and  five  Members  who  are  not 
officers. 

(b)  The  five  Members  who  are  not  officers  shall  be  elected  annually  for  a  term 
of  one  year,  when  the  officers  of  the  Association  are  elected. 

(c)  The  senior  Past-President  who  is  a  member  of  the  Committee  shall  be  the 
Chairman  of  the  Committee.  In  the  absence  of  the  senior  Past-President  from  a  meet- 
ing of  the  Committee  the  Past-President  next  in  seniority  present  shall  act  as  Chairman. 

2.  Method  of  Nominating 

(a)  Prior  to  December  1st  of  each  year  the  Chairman  shall  call  a  meeting  of  the 
Committee  at  a  convenient  place,  at  which  nominees  for  the  various  elective  offices 
shall  be  selected  as  follows: 

Number  of  Candi- 
Nuntber  of  Candi-  dates  to  be 

dates  to  be  named  elected  at  the 

by  the  Nominating       Annual  Election 
Office  to  be  Filled  Committee.  of  Officers. 

President    1  1 

Vice-President     1  1 

Directors    9  3 

Nominating    Committee    10  5 

(b)  The  Chairman  of  the  Nominating  Committee  shall  send  the  names  of  the 
nominees  to  the  President  and  Secretary  not  later  than  December  15th  of  the  same  year, 
and  the  Secretary  shall  report  them  to  the  members  of  the  Association  on  a  printed 
slip  not  later  than  January  1st  following. 

(c)  At  any  time  between  January  1st  and  February  1st  any  ten  or  more  Members 
may  send  to  the  Secretary  additional  nominations  for  any  elective  office  for  the  ensuing 
year  signed  by  such  Members. 

(d)  If  any  person  nominated  shall  be  found  by  the  Board  of  Direction  to  be 
ineligible  for  the  office  for  which  nominated,  or  should  a  nominee  decline  such  nomination, 
the  name  shall  be  withdrawn.  The  Board  of  Direction  may  fill  any  vacancies  that  may 
occur  in  the  list  of  nominees  up  to  the  time  the  ballots  are  sent  out. 

3.  Ballots  Issued 

Not  less  than  thirty  days  prior  to  each  Annual  Convention,  the  Secretary  shalf  issue 
a  ballot  to  each  voting  member  of  record  in  good  standing,  listing  the  several  candidates 
to  be  voted  upon.    When  there  is  more  than  one  candidate  for  any  office,  the  names 
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shall  be  arranged  on  the  ballot  in  the  order  that  shall  be  determined  by  lot  by  the 
Nominating  Committee.  The  ballot  shall  be  accompanied  by  a  statement  giving  for 
each  candidate,  his  record  of  membership  and  activities  in  this  Association. 

4.  Substitution  of  Names 

Members  may  erase  names  from  the  printed  ballot  list  and  may  substitute  the  name 
or  names  of  any  other  person  or  persons  eligible  for  any  office,  but  the  number  of  names 
voted  for  each  office  on  the  ballot  must  not  exceed  the  number  to  be  elected  at  that 
time  to  such  office. 

5.  Ballots 

(a)  Ballots  shall  be  placed  in  an  envelope,  sealed  and  endorsed  with  the  name  of 
the  voter,  and  mailed  to  or  deposited  with  the  Secretary  at  any  time  previous  to  the 
closure  of  the  polls. 

(b)  A  voter  may  withdraw  a  ballot,  and  cast  another,  at  any  time  before  the  polls 
close. 

(c)  Ballots  not  endorsed  or  from  persons  not  qualified  to  vote  shall  not  be  counted. 

(d)  The  ballots  and  envelopes  shall  be  preserved  for  not  less  than  ten  days  after 
the  vote  is  canvassed. 

6.  Closure  of  Polls 

The  polls  shall  be  closed  at  twelve  o'clock  noon  on  the  second  day  of  the  Annual 
Convention,  and  the  ballots  shall  be  counted  by  tellers  appointed  by  the  Presiding 
Officer. 

7.  Election 

(a)  The  persons  who  shall  receive  the  highest  number  of  votes  for  the  offices  for 
which  they  are  candidates  shall  be  declared  elected. 

(b)  In  case  of  a  tie  between  two  or  more  candidates  for  the  same  office,  the 
Members  present  at  the  Annual  Convention  shall  elect  the  officer  by  ballot  from  the 
candidates  so  tied. 

(c)  The  Presiding  Officer  shall  announce  at  the  convention  the  names  of  the 
officers  elected  in  accordance  with  this  Article. 


Article  VII 

Management 

1.  President 

The  President  shall  have  general  supervision  of  the  affairs  of  the  Association,  shall 
preside  at  meetings  of  the  Association  and  of  the  Board  of  Direction,  and  shall  be 
ex-officio  a  member  of  all  committees,  except  the  Nominating  Committee. 

2.  Vice-Presidents 

The  Vice-Presidents,  in  order  of  seniority,  shall  preside  at  meetings  in  the  absence 
of  the  President  and  shall  discharge  the  duties  in  case  of  a  vacancy  in  the  office. 
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3.  Treasurer 

The  Treasurer  shall  receive  all  monies,  deposit  the  same  in  the  name  of  the 
Association,  receipt  to  the  Secretary  therefor  and  invest  all  funds  not  needed  for  current 
disbursements  as  shall  be  ordered  by  the  Board  of  Direction.  The  Treasurer  shall  pay 
all  bills,  when  properly  certified  and  audited  by  the  Finance  Committee,  and  make  such 
reports  as  may  be  called  for  by  the  Board  of  Direction. 

4.  Secretary 

The  Secretary,  shall  be  under  the  direction  of  the  President  and  Board  of  Direction, 
the  Executive  Officer  of  the  Association  and  shall  attend  the  meetings  of  the  Association 
and  of  the  Board  of  Direction,  prepare  the  business  therefor,  and  duly  record  the 
proceedings  thereof.  The  Secretary  shall  see  that  the  monies  due  the  Association  are 
collected  and  without  loss  transferred  to  the  custody  of  the  Treasurer,  and  shall  personally 
certify  to  the  accuracy  of  all  bills  or  vouchers  on  which  money  is  to  be  paid.  The  Sec- 
retary is  to  conduct  the  correspondence  of  the  Association,  keep  proper  record  thereof, 
and  perform  such  other  duties  as  the  Board  of  Direction  may  prescribe. 

5.  Auditing  of  Accounts 

The  accounts  of  the  Treasurer  and  of  the  Secretary  shall  be  audited  annually  by 
an  approved  accountant  under  the  direction  of  the  Finance  Committee  of  the  Board 
of  Direction. 

6.  Board  of  Direction 

(a)  The  Board  of  Direction  shall  manage  the  affairs  of  the  Association,  and  shall 
have  full  power  to  control  and  regulate  all  matters  not  otherwise  provided  in  the 
Constitution. 

(b)  The  Board  of  Direction  shall  meet  within  thirty  days  after  each  Annual 
Convention,  and  at  such  other  times  as  the  President  may  direct.  Special  meetings 
shall  be  called  on  request,  in  writing,  of  five  members  of  the  Board  of  Direction. 

(c)  Seven  members  of  the  Board  of  Direction  shall  constitute  a  quorum. 

(d)  At  the  first  meeting  of  the  Board  of  Direction  after  the  Annual  Convention, 
the  following  committees,  each  consisting  of  not  less  than  three  members,  shall  be 
appointed  by  the  President  from  the  Board  of  Direction  and  they  shall  report  to  and 
perform  their  duties  under  the  supervision  of  the  Board  of  Direction. 

Finance 

Publication 

Outline  of  Work  of  Committees 

Personnel  of  Committees 

Membership 

Manual 

7.  Duties  of  the  Committees  of  the  Board  of  Direction 

(a)  Finance  Committee 
The  Finance  Committee  shall  have  immediate  supervision  of  the  accounts  and 
financial  affairs  of  the  Association;  shall  approve  all  bills  before  payment,  and  shall 
make  recommendations  to  the  Board  of  Direction  as  to  the  investment  of  monies  and 
other  financial  matters.  The  Finance  Committee  shall  not  have  the  power  to  incur 
debts  or  other  obligations  binding  the  Association,  nor  authorize  the  payment  of  money 
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other  than  the  amounts  necessary  to  meet  ordinary  current  expenses  of  the  Association, 
except  by  authority  of  the  Board  of  Direction. 

(b)  Publication  Committee 

The  Publication  Committee  shall  have  general  supervision  of  the  publications  of 
the  Association.  The  Publication  Committee  shall  not  have  the  power  to  incur  debts 
or  other  obligations  binding  the  Association,  nor  authorize  the  payment  of  money  except 
by  authority  of  the  Board  of  Direction. 

(c)  Committee  on  Outline  of  Work  of  Committees 

The  Committee  on  Outline  of  Work  of  Committees  shall  prepare  and  present  to  the 
Board  of  Direction  a  report  of  the  subjects  to  be  investigated,  considered  and  reported 
upon  by  the  standing  and  special  committees  of  the  Association  during  the  ensuing  year. 

(d)  Committee  on  Personnel  of  Committees 

The  Committee  on  Personnel  of  Committees  shall  prepare  and  present  to  the  Board 
of  Direction  a  list  of  chairman,  vice-chairmen  and  members  of  the  standing  and  special 
committees  of  the  Association  for  the  ensuing  year. 

(e)  Membership  Committee 

The  Membership  Committee  shall  make  investigation  of  applicants  for  membership 
and  shall  make  recommendations  to  the  Board  of  Direction  with  reference  thereto. 

(f)  Manual  Committee 

The  Manual  Committee  shall  study  and  recommend  to  the  Board  of  Direction  as 
to  the  manner  in  which  the  material  adopted  for  addition  or  deletion  from  the  Manual 
shall  be  handled. 

8.  Standing  Committees 

The  Board  of  Direction  may  appoint  standing  committees  to  investigate,  consider 
and  report  upon  questions  pertaining  to  railway  location,  construction,  operation  and 
maintenance. 

9.  Special  Committees 

The  Board  of  Direction  may  appoint  special  committees  to  examine  into  and 
report  upon  any  subject  connected  with  the  objects  of  this  Association. 

10.  Discussion  by  Non-Members 

The  Board  of  Direction  may  invite  discussions  of  reports  from  persons  not  members 
of  the  Association. 

11.  Sanction  of  Act  of  Board  of  Direction 

An  act  of  the  Board  of  Direction  which  shall  have  received  the  expressed  or  implied 
sanction  of  the  membership  at  the  next  annual  convention  of  the  Association  shall  be 
deemed  to  be  the  act  of  the  Association. 

Article  VIII 

Meetings 
1.     Annual  Convention 

(a)  The  Annual  Convention  of  the  Association  shall  be  held  in  the  City  of 
Chicago,  Illinois.    The  convention  shall  open  on  a  Tuesday  m  the  month  of  March  to 

be  determined  by  the  President. 
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(b)  The  Secretary  shall  notify  all  members  of  the  Association  of  the  time  and 
place  of  the  Annual  Convention  at  least  thirty  (30)  days  in  advance  thereof. 

(c)  The  order  of  business  at  the  Annual  Convention  of  the  Association  shall  be: 

Reading  of  the  Minutes  of  the  last  meeting 

Address  of  the  President 

Reports  of  the  Secretary  and  the  Treasurer 

Reports  of  Committees 

Unfinished   Business 

New  Business 

Installation  of  Officers 

Adjournment 

(d)  This  order  of  business  may  be  changed  by  a  majority  vote  of  Members  present. 

(e)  The  proceedings  shall  be  governed  by  "Robert's  Rules  of  Order"  except  as 
otherwise  herein  provided. 

(f)  Discussions  shall  be  limited  to  members  and  to  those  others  invited  by  the 
Presiding  Officer  to  speak. 

2.  Special  Meetings 

Special  meetings  of  the  Association  may  be  called  by  the  Board  of  Direction  and 
special  meetings  shall  be  so  called  by  the  Board  of  Direction  upon  written  request  of 
thirty  Members.    The  request  shall  state  the  purpose  of  such  meeting. 

The  call  for  such  special  meeting  shall  be  issued  not  less  than  ten  (10)  days  in 
advance  and  shall  state  the  purpose  and  place  of  the  meeting.  No  other  business  shall 
be  taken  up  at  such  meeting. 

3.  Quorum 

Twenty-five  (25)  Members  shall  constitute  a  quorum  at  all  meetings  of  the 
Association. 


Article  IX 

Amendment 
1.     Amendment 

Proposed  Amendment  of  this  Constitution  shall  be  made  in  writing,  shall  be  signed 
by  not  less  than  ten  Members  and  shall  be  acted  upon  in  the  following  manner: 

The  amendment  shall  be  presented  to  the  Secretary,  who  shall  send  a  copy  to  each 
member  of  the  Board  of  Direction  as  soon  as  received.  If  a  majority  of  the  entire 
Board  of  Direction  so  votes  the  matter  shall  be  submitted  to  the  Association  by  letter- 
ballot. 

The  Board  of  Direction  shall  canvass  the  ballots  which  have  been  received  within 
sixty  days  after  the  date  of  issue  of  the  letter-ballot  and  if  two-thirds  (%)  of  the  votes 
so  received  are  in  the  affirmative  the  amendment  shall  be  declared  adopted  and  shall 
become  immediately  effective. 

The  result  shall  be  announced  at  the  next  Annual  Convention. 
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GENERAL  INFORMATION 

(Revised  to  March,  1941.) 

GENERAL  RULES  FOR  THE  PREPARATION,  PUBLICATION  AND 
CONSIDERATION  OF  COMMITTEE  REPORTS 

(A)  Appointment  of  Committees  and  Outline  of  Work 

Standing  Committees 

1.  The  following  are  Standing  Committees: 

1.  Roadway  and  Ballast. 

3.  Ties. 

4.  Rail. 

5.  Track. 

6.  Buildings. 

7.  Wood  Bridges  and  Trestles. 

8.  Masonry. 

9.  Highways. 

10.  Signals  and  Interlocking. 

11.  Records  and  Accounts. 

13.  Water  Service,  Fire  Protection  and  Sanitation. 

14.  Yards  and  Terminals. 

15.  Iron  and  Steel  Structures. 

16.  Economics  of  Railway  Location  and  Operation. 

17.  Wood  Preservation. 

18.  Electricity. 

20.  Uniform  General  Contract  Forms. 

22.  Economics  of  Railway  Labor. 

24.  Cooperative  Relations  with  Universities. 

25.  Waterways  and  Harbors. 

26.  Standardization. 

27.  Maintenance  of  Way  Work  Equipment. 

28.  Clearances. 

Special  Committees 

2.  Special  Committees  will  be  appointed  from  time  to  time,  as  may  be  deemed 
expedient,  in  the  manner  prescribed  by  Article  VII,  Section  9,  of  the  Constitution. 

The  following  are  Special  Committees: 

Waterproofing  of  Railway  Structures. 
Impact. 

Personnel  of  Committees 

3.  The  personnel  of  all  committees  will  continue  from  year  to  year,  except  when 
changes  are  announced  by  the  Board  of  Direction.  It  is  desirable  that  ten  percent  of  the 
membership  of  each  committee  be  changed  each  year. 

Members  of  committees  who  do  not  attend  meetings  of  committees  during  the  year 
or  render  service  by  correspondence  will  be  relieved  and  the  vacancies  filled  by  the 
Board  at  the  succeeding  annual  convention. 

Outline  of  Work 

4.  As  soon  as  practicable  after  the  reports  of  committees  for  the  current  year  have 
been  filed  with  the  secretary,  the  Board  of  Direction  will  assign  to  the  committees, 
subjects  which  in  its  judgment  should  preferably  be  considered  during  the  succeeding 
year,  provided,  however,  that  such  assignments  may  be  subject  to  revision  until  the  close 
of  the  Annual  Convention.  Stick  assignments  should  not  be  deviated  from  except  in 
extreme  cases  and  then  not  until  approved  by  the  Committee  on  Outline  of  Work. 


*  Committee  12 — Rules  and  Organization  and  the  Special  Committee  on  Stresses  in  Railroad  Track 
have  been  discontinued  by  action  of  the  Board  of  Direction.  The  Committee  on  Research  Administration 
will  supervise   investigations  on   track  stresses. 
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_  ,  (B)   Preparation  of  Committee  Reports 

General 

5.  The  objectives  of  the  Association  are  advanced  through  the  work  of  the  com- 
mittees in  two  ways — (1)  the  development  of  useful  information  pertinent  to  their  assign- 
ments to  be  presented  to  the  Association  "as  information",  and  (2)  the  formulation  of 
recommended  practices  to  be  submitted  for  adoption  and  publication  in  the  Manual. 

(a)  Whether  the  report  on  any  particular  assignment  should  take  the  form  of 
"information"  or  a  "recommended  practice",  depends  largely  on  the  nature  of  the  assign- 
ment. Some  assignments  will  be  fulfilled  completely  by  the  presentation  of  information; 
others  call  for  information  in  support  of  appended  recommendations  that  are  submitted 
for  adoption.  In  still  other  cases,  the  primary  objective  is  a  comprehensive  statement  of 
recommended  practices,  but  the  development  of  these  recommended  practices  may  entail 
investigation  or  research  work,  the  results  of  which  are  of  such  importance  as  to  war- 
rant their  presentation  as  information  prior  to  the  submission  of  the  recommendations. 
In  some  cases,  also,  it  may  be  advisable  to  submit  as  information  matter  in  the  form  of 
recommended  practice,  with  a  view  to  inviting  suggestions  and  criticisms  that  may  serve 
as  the  basis  for  revisions  prior  to  the  resubmission  of  the  matter  for  adoption  a  year  later. 

Planning  the  Work 

6.  In  pursuing  the  work  on  any  assignment,  the  first  step  is  necessarily  one  of  fact 
finding,  including  (a)  a  study  of  available  literature  on  the  subject,  particularly  reports 
of  previous  investigations,  (b)  a  compilation  of  current  practice,  especially  recent  changes 
in  practice,  and  (c)  resort  to  original  tests  or  experimentation,  after  a  canvass  of  all 
other  sources  of  information  indicates  that  research  work  is  necessary. 

Collection  of  Data 

(a)  Committees  are  privileged  to  obtain  data  or  information  in  any  proper  way. 
If  desired,  the  secretary  will  issue  circulars  of  inquiry,  which  should  be  brief  and  concise. 
The  questions  asked  should  be  specific  and  pertinent,  and  not  of  such  general  or  involved 
character  as  to  preclude  the  possibility  of  obtaining  satisfactory  and  prompt  responses. 
They  should  specify  to  whom  answers  are  to  be  sent,  and  should  be  in  such  form  that 
copies  can  be  retained  by  persons  replying  either  by  typewriter  or  blueprint. 

(b)  Requests  for  appropriations  for  the  conduct  of  research  work  should  be  sent 
to  the  secretary  with  a  supporting  statement  setting  forth:  (a)  the  nature  of  the  infor- 
mation sought;  (b)  how  the  railroads  are  adversely  affected  by  the  lack  of  this  informa- 
tion; (c)  the  estimated  cost  of  the  investigation;  (d)  the  estimated  time  to  complete  the 
work;  (e)  the  basis  for  assuming  that  the  investigation  will  produce  the  data  desired; 
and,  (f)  an  estimate  of  the  savings  to  be  realized  or  other  advantages  to  accrue  from  the 
successful  completion  of  the  investigations.  A  request  for  funds  to  continue  or  complete 
an  investigation  shall  include  a  statement  of  the  results  obtained  to  date. 

Reports 

7.  Committees  should  pursue  their  investigations  on  all  assignments  but  are  expected 
to  present  progress  or  final  reports  for  publication  only  on  those  assignments  regarding 
which  pertinent  information  has  been  developed. 

(a)  Committees  are  privileged  to  present  the  results  of  any  special  study  or  investi- 
gation they  may  be  engaged  upon  in  connection  with  their  assignments  that  may  be 
considered  of  sufficient  importance  to  warrant  presentation. 

(b)  Reports  of  information,  supplementing  previous  reports  of  progress,  may  include 
a  brief  review  of  matter  previously  presented,  but  should  avoid  extended  repetition  of 
such  matter. 
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(c)  Matter  offered  for  adoption  and  publication  in  the  Manual  should  be  submitted 
in  full,  regardless  of  its  publication  in  previous  years  unless  the  matter  being  offered 
appeared  in  identical  form  not  more  than  one  year  before  being  submitted  for  adoption. 

(d)  Illustrations  accompanying  reports  should,  when  possible,  be  prepared  so  that 
they  can  be  reproduced  on  one  page.  The  use  of  inserts  should  be  avoided. 

(e)  One  of  the  most  important  duties  of  each  committee  is  to  examine  its  own 
subject-matter  in  the  Manual  each  year  and  submit  such  revisions  of  or  supplements  to 
the  Manual  as  are  deemed  necessary  to  keep  it  up  to  date.  New  matter  for  publication 
in  the  Manual  and  revisions  thereof  must  be  submitted  in  the  form  and  manner  specified 
in  the  General  Rules  for  Publication  of  the  Manual. 

Form  of  Reports 

8.  Committee  reports  shall  be  prepared  in  accordance  with  the  Instructions  published 
in  the  annual  pamphlet  of  committee  assignments  and  personnel. 

(C)  Publication  of  Reports 

Dates  for  Filing  and  Publication  of  Reports 

9.  For  the  convenience  of  those  attending  the  convention,  the  reports  of  committees 
to  be  presented  at  any  session  of  the  annual  convention  will  be  published,  so  far  as  pos- 
sible, in  the  same  bulletin.  To  carry  out  this  plan  requires  a  careful  scheduling  of  the 
filing  of  reports  and  the  publication  of  bulletins,  and  the  arrangement  of  the  convention 
program.  It  is  of  utmost  importance  that  chairmen  file  complete  reports  of  their  com- 
mittees on  or  before  the  dates  specified  on  the  schedule  furnished  them. 

Written  Discussions 

10;  Written  discussions  of  published  reports  will  be  transmitted  to  the  chairman  of 
the  interested  committee  who  will  read  or  present  them  by  title  or  in  abstract  at  the 
convention.  Written  discussions  will  be  published  in  the  Proceedings  as  a  part  of  the 
discussion  of  the  committee  reports. 

Verbal  Discussions 

11.  Each  speaker's  remarks  will  be  submitted  to  him  in  writing  before  publication 
in  the  Proceedings,  for  the  correction  of  diction  and  errors  of  reporting,  but  not  for  the 
elimination  of  remarks. 

g  (D)  Consideration  of  Committee  Reports 

12.  The  sequence  in  which  committee  reports  will  be  considered  by  the  convention 
will  be  determined  by  the  Board  of  Direction. 

Method 

13.  Reports  offered  as  information  will  be  presented  by  title  or  by  a  brief  outline  of 
the  contents.  Comments  or  criticisms  may  be  offered  from  the  floor  upon  invitation  from 
the  presiding  officer. 

14.  Matter  submitted  for  adoption  and  publication  in  the  Manual  may  receive 
consideration  by  one  of  the  following  procedures: 

(a)  Reading  by  title. 

(b)  Reading,  discussing  and  acting  upon  each  conclusion  separately. 

(c)  By  majority  vote,  discussion  will  be  had  on  each  item.  Clauses  not  objected  to 

when  read  will  be  considered  as  voted  upon  and  adopted. 
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Action  on  Reports 

IS.  No  formal  action  is  to  be  taken  by  the  convention  on  matter  submitted  as 
iniormation,  whether  in  the  form  of  a  progress  or  final  report. 

Action  on  matter  submitted  for  adoption  and  publication  in  the  Manual  will  be 
one  of  the  following: 

(a)  Adoption  as  a  whole  as  presented. 

(b)  Affirmative  action  on  the  amendment  of  a  part  or  parts  of  the  matter  presented, 

followed  by  adoption  as  a  whole,  as  amended. 

(c)  Adoption  of  a  part,  complete  in  itself,  and  referring  of  remainder  back  to  the 

committee. 

(d)  Recommittal  with  or  without  instructions. 

Note. — An  amendment  which  affects  underlying  principles,  if  adopted,  shall  of  itself 
constitute  a  recommittal  of  such  part  of  the  report  as  the  committee  considers  affected. 

The  Chair  will  decline  to  entertain  amendments  which  in  his  opinion  are  primarily 
a  matter  of  editing. 

(E)  Publication  of  Abstracts  by  Technical  Journals 

The  following  rules  will  govern  the  releasing  of  matter  for  publication  in  technical 
journals: 

Committee  reports,  requiring  action  by  the  Association  at  the  annual  convention, 
will  not  be  released  until  after  presentation  to  the  convention ;  special  articles,  contributed 
by  members  and  others,  on  which  no  action  by  the  Association  is  necessary,  are  to  be 
released  for  publication  by  the  technical  journals  after  issuance  in  the  bulletin;  provided, 
application  therefor  is  made  in  writing  and  proper  credit  be  given  the  Association, 
authors  or  committees  presenting  such  material. 


GENERAL  RULES  FOR  PUBLICATION  OF  THE  MANUAL 

1.  The  title  of  the  volume  will  be  "Manual  of  the  American  Railway  Engineering 
Association." 

2.  The  Board  of  Direction  shall  have  the  authority  to  withhold  from  publication 
any  matter  which  it  shall  consider  as  not  desirable  to  publish,  or  as  not  being  in  proper 
shape,  or  as  not  having  received  proper  study  and  consideration. 

Contents 

3.  The  matter  adopted  by  the  Association  for  publication  in  the  Manual  shall  be 
considered  Recommended  Practice,  but  shall  not  be  binding  on  the  members.  Recom- 
mended Practice,  as  defined  by  the  Board  of  Direction  (May  20,  1936)  is  a  material, 
device,  plan,  specification  or  practice  recommended  to  the  railways  for  use  as  required, 
either  exactly  as  presented  or  with  such  modifications  as  may  be  necessary  or  desirable 
to  meet  the  needs  of  individual  railways,  but  in  either  event,  with  a  view  to  promoting 
efficiency  or  economy,  or  both,  in  the  location,  construction,  operation  or  maintenance 
of  railways. 

Requisites  for  Adoption 

4.  The  Manual  will  include  only  such  matter  as  has  been  made  the  subject  of  a 
special  study  by  a  standing  or  special  committee  and  embodied  in  a  committee  report, 
published  not  less  than  thirty  days  prior  to  the  Annual  Convention,  and  submitted  by 
the  committee  to  the  Annual  Convention,  and  which,  after  due  consideration  and  dis- 
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cussion,  shall  have  been  voted  on  and  formally  adopted  by  the  Association.  Subjects 
which,  in  the  opinion  of  the  Board  of  Direction  shall  be  reviewed  by  the  Association 
of  American  Railroads,  may  be  referred  to  that  association  before  being  published  in 
the  Manual. 

5.  All  conclusions  included  in  the  Manual  must  be  in  concise  and  proper  shape  for 
publication,  as  the  Manual  will  consist  only  of  a  summary  record  of  the  definitions, 
specifications  and  principles  of  practice  adopted  by  the  Association,  with  a  brief  reference 
to  the  published  Proceedings  of  the  Association  for  the  context  of  the  committee  report 
and  subsequent  discussion  and  the  final  action  of  the  Association. 

Revision 

6.  Any  matter  published  in  the  Manual  may  be  amended  or  withdrawn  by  vote 
at  any  subsequent  Annual  Convention,  provided  such  changes  are  proposed  in  time  for 
publication  not  less  than  thirty  days  prior  to  the  Annual  Convention,  and  in  the  fol- 
lowing manner:  (a)  upon  recommendation  of  the  committee  in  charge  of  the  subject; 
(b)  upon  recommendation  of  the  Board  of  Direction;  (c)  upon  request  of  five  members, 
made  to  the  Board  of  Direction. 

7.  Revisions  of  or  additions  to  the  Manual  authorized  by  action  at  each  convention 
will  be  published  annually  in  the  form  of  loose-leaf  sheets  which  will  be  made  available 
to  all  holders  of  the  Manual.  These  supplemental  sheets  will  be  accompanied  by  instruc- 
tions for  insertion  of  the  new  sheets  and  the  withdrawal  of  sheets  that  have  been  super- 
seded, as  well  as  those  that  have  been  withdrawn  by  action  of  the  Association. 


Report  of  Special  Committee  on  Impact 

J.  B.  Hunley,  Chairman,      A.  N.  Laird  C.  P.  Schantz 

S.  F.  Grear  B.  R.  Leffler  C.  E.  Sloan 

A.  R.  Harris  C.  T.  G.  Looney  F.  E.  Turneaure 

Meyer  Hirschthal  G.  E.  Robinson  A.  R.  Wilson 

C.  S.  Johnson  C.  H.  Sandberg  W.  M.  Wilson 

Committee 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

1.  Tests  of  short  steel  spans  with  open  floor,  together  with  effect  of  track  inequalities 
and  worn  wheels  on  such  spans. 

Partial  report,  submitted  as  information  on  the  following  pages. 

2.  Tests  of  steel  spans  with  ballasted  deck,  including  spans  with  precast  concrete  decks 
and  poured-in-place  concrete  decks;  also  tests  on  ballasted  decks  with  timber  floors; 
particular  attention  to  be  given  to  the  damping  due  to  the  type  of  deck  and  the 
track  ballast. 

No  report. 

3.  Tests  of  dynamic  shear  in  steel  girder  and  truss  spans. 
No  report. 

4.  Tests  of  impact  in  columns  and  hangers  of  steel  spans. 
No  report. 

5.  Tests  of  rigid  frame  structures  of  steel  and  concrete. 
No  report. 

6.  Analysis  of  additional  data  from  impact  tests. 
No  report. 

7.  Determination  of  damping  factors  of  steel  spans  and  variation  in  amount  of  damping 
with  change  in  loading,  by  means  of  tests  with  an  oscillator  and  model  tests. 

No  report. 

The  Special  Committee  on  Impact, 

J.  B.  Hunley,  Chairman. 


AREA  Bulletin  433,  September-October,  1942. 
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Description  and  Analysis  of  Bridge  Impact  Tests  Made  on  Short 
Steel  Bridges  Under  Diesel-Electric  Locomotives 

1.  Digest 

The  purpose  of  these  tests  was  to  determine  the  effect  of  track  inequalities  and 
worn  wheels  on  short  spans  with  both  open  and  ballasted  decks. 

This  report  embraces  a  description  and  analysis  of  tests  made  on  bridges  of  the 
Chicago,  Burlington  &  Quincy  Railroad,  the  Atchison,  Topeka  and  Santa  Fe  Railway, 
and  the  Chicago  &  North  Western  Railway;  the  shortest  bridge  being  20  ft.  out  to  out 
of  steel  and  the  longest  bridge  32  ft.  6  in.  out  to  out  of  steel.  The  tests  were  made  with 
.Diesel-electric  locomotives  so  as  to  eliminate  the  effect  of  rotating  unbalanced  parts  and 
on  tracks  with  and  without  a  battered  joint  in  one  rail  at,  or  close  to,  the  center  of  the 
span.  Stress  records  were  obtained  at  the  same  time  under  steam  locomotives,  but 
inasmuch  as  such  equipment  was  not  suitable  for  the  purpose  of  the  tests,  the  data  on 
such  locomotives  are  not  included  in  this  report,  but  will  be  valuable  in  studying  other 
assignments  of  the  committee. 

Stresses  were  measured  at  the  center  of  each  span  under  regular  scheduled  trains 
operating  at  various  speeds  over  the  bridges,  ranging  from  approximately  5  m.p.h., 
which  may  be  considered  as  static  loading,  up  to  a  maximum  speed  of  100  m.p.h. 
Electro-magnetic  strain  gages  were  used  for  measuring  the  strains  and  every  care  was 
taken  in  calibrating  the  instruments  and  conducting  the  tests;  hence,  it  is  believed  the 
results  can  be  accepted  with  full  confidence. 

The  maximum  total  live  load  plus  impact  stresses  measured  in  these  bridges,  as 
well  as  the  calculated  stresses,  are  shown  in  Figs.  65  to  74,  inclusive.  It  will  be  noted 
that,  in  general,  with  the  battered  rail  joint  on  the  bridge,  the  stresses  did  not  increase 
with  speed,  but  there  was  usually  a  critical  speed  at  about  20  to  40  m.p.h.  where  the 
stresses  were  a  maximum.  A  comparison  of  the  maximum  measured  live  load  plus  impact 
stresses,  at  the  critical  speed,  with  the  calculated  stresses  as  specified  in  the  AREA 
Specifications  for  Steel  Railway  Bridges  and  the  AREA  Rules  for  Rating  Existing  Iron 
and  Steel  Bridges  is  shown  in  Table  7. 

In  addition  to  the  maximum  stresses,  the  data  were  analyzed  for  the  purpose  of 
studying  the  magnitude  of  the  individual  effects  which  make  up  the  live  load  and  impact 
effect.  These  individual  effects,  as  found  from  this  study,  are  as  follows: 

1.  The  crawl  or  static  stresses  recorded  under  the  locomotives  crossing  the  bridge 
at  about  five  miles  per  hour  were  considerably  below  the  calculated  static  stresses,  espe- 
cially in  the  bridges  having  ballasted  decks.  These  low  static  stresses  are  probably  due 
to  the  equalizing  system  carrying  the  loads  to  the  ends  of  the  span  and  to  the  longi- 
tudinal distribution  of  the  concentrated  axle  loads  due  to  the  rail  acting  as  a  continuous 
beam  on  an  elastic  support.  A  comparison  of  the  recorded  and  calculated  stresses  is 
shown  in  Tables  1,  2  and  3.  The  ratio  of  the  average  recorded  to  the  calculated  stresses 
varied  from  0.99  to  0.81  in  the  open  deck  bridges  and  from  0.82  to  0.73  in  the  ballasted 
deck  bridges. 

2.  The  data  taken  from  the  oscillograph  film  indicated  large  stresses  as  the  wheels 
passed  over  the  battered  joint,  followed  by  vibrations  of  high  frequency.  The  film  also 
recorded  vibrational  effects  in  the  test  span  even  when  the  battered  rail  joint  was 
removed  from  the  bridge,  although  these  latter  vibrations  were  appreciably  smaller 
and  of  a  lower  frequency  than  the  vibrations  induced  by  the  battered  rail  joint.  The 
impact  effect  due  to  these  vibrations  has  been  termed  "track  effect"  and  the  magnitude 
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of  this  stress  is  shown  in  the  upper  diagram  of  Figs.  34  to  43,  inclusive.  The  concentrated 
wheel  load  or  blow  at  the  center  of  the  span  to  produce  this  track  effect  stress  is  shown 
in  the  lower  diagrams  of  Figs.  34  to  43,  inclusive.  The  maximum  value  of  the  track 
effect  stresses  for  each  span  and  locomotive  tested,  with  and  without  a  battered  rail  joint 
on  the  bridge,  is  shown  in  Table  5. 

The  outstanding  characteristic  of  the  track  effect  resulting  from  the  battered  rail 
joint  on  the  span  is  the  narrow  range  in  speed  within  which  the  maximum  stresses  were 
found  and  the  fact  that  the  track  effect  seemed  to  increase  rapidly  up  to  a  comparatively 
low  speed  of  20  to  40  m.pJi.  and  then  to  decrease  gradually  with  a  further  increase  in 
speed. 

3.  Exclusive  of  any  stress  due  to  vibrations  caused  by  track  irregularities,  a  definite 
increase  in  stress  due  to  speed  alone  and  termed  "speed  effect"  was  found  throughout  the 
tests.  The  centrifugal  force  developed  by  the  locomotives  in  following  the  path  of  the 
deflected  span  has  been  suggested  as  a  possible  explanation  of  this  speed  effect.  The 
results  of  this  speed  effect  study,  in  percentage  of  the  recorded  static  stress,  are  shown 
in  the  upper  diagrams  of  Figs.  45  to  54,  inclusive.  The  maximum  speed  effects  varied 
from  5  percent  on  the  North  Western  bridges  to  35  percent  on  the  Burlington  bridges. 

4.  The  strain  measurements  usually  showed  an  increase  in  stress  in  the  steel  under 
one  rail  with  a  corresponding  decrease  under  the  other  rail.  This  change  in  stress  is 
termed  "roll  effect"  and  is  presumably  caused  by  the  oscillation  of  the  spring-borne 
weight  of  the  locomotive  about  a  longitudinal  axis.  The  roll  effects,  in  percentage  of  the 
recorded  static  stresses,  are  shown  in  the  lower  diagrams  of  Figs.  45  to  54,  inclusive. 
The  roll  effects  were  usually  below  the  provisions  of  the  AREA  design  and  rating  rules. 

5.  The  total  impact  effects  produced  by  the  locomotives  on  the  test  spans,  in  percent 
of  the  stresses  measured  at  a  speed  of  approximately  5  m.p.h.  are  shown  in  Figs.  55  to 
64,  inclusive.  It  will  be  noted  that  in  general  there  was  a  decrease  in  impact  at  the  very 
high  operating  speeds.  This  decrease  in  stress  was  due  to  the  reduction  in  the  track  effect 
stresses  at  the  higher  speeds. 

For  either  open  or  ballasted  deck  bridges  the  maximum  value  of  the  total  impact 
percentage  for  each  span  and  locomotive  tested,  with  and  without  a  battered  rail  joint 
on  the  bridge,  is  shown  in  Table  6.  It  will  be  noted  that  the  total  impact  percentage, 
with  the  battered  rail  joint  on  the  bridge,  generally  exceeded  the  impacts  as  calculated 
by  the  AREA  rating  rules  at  the  critical  speed  and  exceeded  the  AREA  design  specification 
in  some  of  the  bridges. 

2.  Foreword 

The  bridge  impact  tests  analyzed  in  this  report  were  made  during  1941  and  the 
first  part  of  1942.  The  principal  reason  for  making  these  tests  was  to  determine  the 
impact  resulting  from  Diesel-electric  locomotives,  which  have  no  unbalanced  parts,  run- 
ning at  various  speeds  over  a  battered  joint  in  one  rail  located  at,  or  close  to,  the  center 
of  a  short  bridge  span  and  later  comparing  the  results  obtained  without  the  rail  joint  on 
the  bridge.  It  was  felt  that  the  tests  should  be  made  on  ballasted  deck  spans  as  well  as 
open  deck  spans.  In  addition,  tests  were  conducted  on  two  of  the  bridges  to  determine 
the  effect  of  placing  rubber  fabric  pads  under  the  regular  steel  tie  plates. 

The  Committee  on  Impact  decided  that  the  tests  could  be  made  under  regular 
scheduled  trains,  since  the  stresses  in  short  bridges  are  not  affected  by  the  tender  or  bag- 
gage car  loads,  so  arrangements  were  made  with  the  Chicago,  Burlington  &  Quincy 
Railroad,  the  Atchison,  Topeka  and  Santa  Fe  Railway,  and  the  Chicago  &  North  Western 
Railway  to  conduct  the  tests  on  two  bridges  of  each  railroad.  Arrangements  were  made 
with  the  operating  department  of  each  railroad  to  have  the  trains  cross  the  test  bridge 
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at  various  speeds,  ranging  from  five  miles  per  hour,  which  is  considered  the  same  as 
static  loading,  to  the  maximum  operating  speed  of  the  locomotive. 

An  effort  was  made  to  select  two  bridges  on  each  railroad  having  the  same  span 
length  and  the  same  steel  design,  one  bridge  having  an  open  deck  and  the  other  a  bal- 
lasted deck.  Since  these  requirements  could  not  be  met  and  still  have  the  bridges  in  high 
speed  territory,  it  was  necessary  to  make  the  tests  on  short  bridges  of  various  span 
lengths  and  capacity. 

The  two  bridges  selected  on  the  Burlington  were  on  the  main  line  between  Omaha 
and  Denver  where  several  Diesel  locomotives  are  operating  each  day.  The  first  bridge 
tested  was  a  24-ft.  single  track  girder  span  with  a  ballasted  timber  deck,  near  Fort 
Morgan,  Colo.  The  second  bridge  was  a  single  track  30-ft.  girder  span  with  an  open 
timber  deck,  close  to  Wray,  Colo. 

The  first  bridge  tested  on  the  Santa  Fe  was  a  single  track  22-ft.  beam  span  with  a 
ballasted  timber  deck  close  to  Raton,  N.  M.  Several  Diesel  locomotives  operate  over  this 
bridge  as  well  as  high  speed  steam  passenger  locomotives.  The  second  bridge  tested  was 
a  single  track  20-ft.  beam  span  with  an  open  timber  deck  close  to  Chanute,  Kans.  Two 
Diesel  locomotives  were  operating  over  this  bridge  each  day. 

The  two  bridges  selected  on  the  North  Western  were  on  the  main  line  between 
Chicago  and  Omaha  where  several  Diesel  locomotives,  as  well  as  high  speed  steam  loco- 
motives are  operating  each  day.  Both  of  these  bridges  were  in  double  track  territory.  The 
first  bridge  tested  was  a  26-ft.  girder  span  with  an  open  timber  deck  close  to  Cedar 
Rapids,  Iowa.  The  second  bridge  was  a  32-ft.  6-in.  girder  span  with  a  ballasted  concrete 
deck  close  to  Council  Bluffs,  Iowa. 

The  general  procedure  in  making  these  tests,  after  the  instruments  had  all  been 
calibrated  and  erected,  was  to  secure  records  under  the  Diesel  and  steam  locomotives 
at  various  speeds  with  a  battered  joint  in  one  rail  on  the  bridge.  The  battered  rail  joint 
was  then  replaced  with  a  continuous  rail  and  records  were  then  taken  of  the  trains  at 
approximately  the  same  speeds.  Since  the  North  Western  bridges  were  in  double  track 
territory  and  the  steel  under  both  tracks  was  identical,  the  battered  joint  in  one  rail 
was  placed  on  one  track  only.  Records  were  then  taken  under  both  tracks,  one  track 
having  the  battered  rail  joint  and  the  other  track  without  the  battered  rail  joint. 

After  the  tests  with  the  battered  rail  joint  on  the  Santa  Fe  bridges  were  completed, 
additional  tests  were  made  with  rubber  fabric  pads  J^-in.  thick  before  the  battered  rail 
joint  was  removed  from  the  bridge.  These  pads  were  placed  under  the  regular  steel  tie 
plates  at  every  tie  on  the  test  span  and  for  about  fifteen  ties  beyond  each  end  of  the 
span.  Records  were  then  taken  under  the  locomotives  at  various  speeds. 

As  previously  mentioned,  records  were  taken  under  both  the  Diesel  and  steam 
locomotives,  but  since  this  report  deals  principally  with  the  effect  of  the  battered  rail 
joint,  only  data  from  the  Diesel  locomotives  are  included.  The  reason  for  not  including 
the  steam  locomotive  data  in  this  report  is  that  the  total  dynamic  effect  of  a  steam  loco- 
motive cannot  definitely  be  apportioned  between  the  disturbing  force  set  up  by  the 
revolving  overbalance  in  the  counterweight  of  the  drivers  and  that  caused  by  the  bat- 
tered rail  joint.  The  impacts  resulting  from  the  steam  locomotives  will  be  included  in  a 
later  report. 

3.  Instruments 
Strain  Gages 

The  instruments  used  in  these  tests  were  of  the  electric  type  similar  to  those  used 
by  the  Pennsylvania  Railroad  in  the  Chester  bridge  tests  as  reported  in  the  AREA 
Proceedings,  Vol.  42,  1941,  page  394.  The  gages  had  a  2  in.-gage  length  instead  of  the 
3  in.-gage  length  used  in  the  Chester  tests.  Only  one  six-element  oscillograph  was  avail- 
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able  for  these  tests  so  that  it  was  possible  to  measure  only  six  simultaneous  strains.  No 
effort  was  made  to  measure  vertical  or  lateral  deflections. 

Location  of  Instruments 

Burlington  Tests. — The  location  of  the  gages  for  these  tests  is  shown  in  Figs.  4 
and  6. 

Gages  1  and  2  were  kept  on  the  lower  flange  for  all  the  tests.  The  remaining  gages 
were  moved  to  the  various  positions  indicated  on  the  girder  flanges  and  the  lateral 
bracing  during  the  progress  of  the  tests. 

An  effort  was  made  to  measure  the  top  flange  stress  in  the  24-ft.  ballasted  deck 
girder  span  by  placing  gages  5  and  6  as  shown  in  Fig.  6,  but  due  to  the  vertical  bending 
in  the  top  flange,  no  satisfactory  stress  records  were  obtained. 

The  stresses  in  the  top  flange  of  the  30-ft.  open  deck  span  were  measured  by 
placing  gages  3  and  4  as  shown  in  Fig.  4.  Gages  5  and  6  were  affected  by  the  vertical 
bending  in  the  upper  flange  due  to  the  tie  deflection,  so  the  recorded  stresses  from  these 
two  gages  are  not  of  value. 

Santa  Fe  Tests. — The  location  of  the  gages  for  these  tests  is  shown  in  Figs.  8  and  10. 
All  6  gages  were  placed  on  the  lower  flange  of  the  22-ft.  ballasted  deck  beam  span  (see 
Fig.  10),  and  the  majority  of  the  runs  were  made  with  the  gages  in  this  position.  A  few 


Fig.  1. — General  View  of  Field  Test  Building  and 
Open  Timber  Deck  Beam  Span 

runs  were  made  with  gages  1  and  5  on  the  same  beam  as  gage  3,  and  gages  2  and  6 
on  the  same  beam  as  gage  4  to  record  the  simultaneous  stresses  in  the  top  and  bottom 
flanges. 

Since  there  were  only  2  beams  per  rail  in  the  20-ft.  open  deck  beam  span,  it  was 
possible  to  record  the  top  flange  stresses  in  one  of  the  beams  for  all  the  test  runs  by 
placing  the  gages  as  shown  in  Fig.  8. 

North  Western  Tests. — The  location  of  the  gages  for  these  tests  is  shown  in  Figs.  12 
and  15.  It  should  be  pointed  out  that  the  stresses  in  the  steel  under  both  tracks  were 
measured  by  using  12  gages,  6  under  each  track.  Two  gages  were  connected  to  each 
galvanometer  so  that  by  throwing  the  proper  switches,  stresses  under  each  track  could 
be  measured. 

An  effort  was  made  to  measure  the  top  flange  stresses  on  both  the  open  and  bal- 
lasted deck  spans  by  placing  gages  5  and  6  as  shown,  but  localized  bending  affected  the 
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stresses  to  such  an  extent  that  the  values  of  the  direct  stresses  could  not  be  determined 
on  most  of  the  spans. 

Field  Test  Building 

A  small  test  building  6  ft.  wide  by  8  ft.  long  was  built  to  house  the  instruments 
(see  Figs.  1  &  2).  This  test  building  was  built  in  sections  consisting  of  the  roof,  floor 
and  4  walls.  The  various  sections  are  held  together  by  angles  and  bolts  and  the  building 
can  be  easily  erected  by  six  men  in  about  an  hour. 

4.  Spans  Tested 
Burlington  Bridges 

24-Ft.  Deck  Girder  Span — Ballasted  Timber  Deck. — This  single  track  span  consisted 
of  2  girders  23  ft.  9}i  in.  long  overall,  and  23  ft.  center  to  center  of  bearings,  as  shown 
in  Fig.  6.  The  capacity  of  this  span,  using  gross  section  and  the  present  AREA  design 
stresses  and  impact,  would  be  Cooper's  E-103.  The  center  line  of  track  did  not  coincide 


Fig.  2. — General  View  of  Field  Test  Building  and 
Ballasted  Concrete  Deck  Span 


with  the  center  line  of  span,  the  track  being  off  center  to  the  north,  1%  in.  at  the  west 
end  and  Y\  in.  at  the  east  end.  With  an  average  eccentricity  of  one  inch,  the  north 
girder  would  carry  51.2  percent  of  the  total  load  and  the  south  girder  48.8  percent. 

The  deck  was  of  the  ballasted  type;  that  is,  the  timber  ties  supporting  the  rail 
rested  on  six  inches  of  crushed  rock  ballast.  The  ballast  was  supported  by  a  solid  timber 
floor  resting  directly  on  the  top  flanges  of  the  girders. 

The  location  and  profile  of  the  battered  rail  joint  over  the  north  girder  is  shown  in 
Fig.  7.  This  battered  joint  was  made  by  grinding  down  the  adjoining  ends  of  the  two 
rails.  After  the  tests  with  the  battered  joint  were  completed,  the  two  rails  with  the 
battered  ends  were  replaced  by  one  full  length  rail  and  two  half  length  rails.  This 
eliminated  the  rail  joint  over  the  north  girder  for  the  tests  without  the  rail  joint. 

The  amount  of  play  at  each  tie  between  the  rail  base  and  ballast  was  measured  by 
taking  precise  levels  on  the  tie  and  rail.  Readings  were  first  taken  with  the  tie  pushed 
up  against  the  rail  and  then  with  the  tie  pushed  down  against  the  ballast  (see  Fig.  3). 
The  amount  of  this  play  and  the  top  of  rail  profile  are  shown  in  Fig.  7. 
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30-Ft.  Deck  Girder  Span — Open  Timber  Deck. — This  single  track  span  consisted  of 
2  girders  30  ft.  long  overall,  and  28  ft.  8  in.  center  to  center  of  bearings,  as  shown  in 
Fig.  4.  The  capacity  of  this  span,  using  gross  section  and  the  present  AREA  design 
stresses  and  impact,  would  be  Cooper's  E-lll.  The  center  line  of  track  was  off  center 
to  the  north  Y$  in.  at  both  ends.  With  an  eccentricity  of  this  amount,  the  north  girder 
would  carry  50.9  percent  of  the  total  load  and  the  south  girder  would  carry  49.1  percent. 

The  deck  was  of  the  open  type;  that  is,  the  timber  ties  supporting  the  rail  rested 
directly  on  the  top  flanges  of  the  girders. 


Fig.  3. — Field  Test  Party  Securing  Rail  Levels  and  Tie  Play 

The  location  and  profile  of  the  battered  rail  joint  over  the  south  girder  are  shown 
in  Fig.  5.  The  battered  joint  was  made  by  grinding  down  the  adjoining  rail  ends  the 
same  as  for  the  ballasted  deck  span.  The  amount  of  tie  play  and  the  top  of  rail  profile 
are  also  shown  in  Fig.  5. 

Santa  Fe  Bridges 

'  22-Ft.  Beam  Span — Ballasted  Timber  Deck. — This  single  track  span  consisted  of  6 
beams  22  ft.  long  overall,  and  21  ft.  center  to  center  of  bearings,  as  shown  in  Fig.  10. 
The  capacity  of  this  span,  using  gross  section  and  the  present  AREA  design  stresses 
and  impact,  would  be  Cooper's  E-60.4.  The  center  line  of  track  did  not  coincide  with 
the  center  line  of  the  span,  the  track  being  off  center  to  the  north  2^4  in.  at  the  east 
end  and  54  m-  at  the  west  end.  With  an  average  eccentricity  of  V/2  in.,  the  north  girder 
would  carry  52.5  percent  of  the  total  load  and  the  south  girder  47.5  percent. 

The  deck  was  of  the  ballasted  type;  that  is,  the  timber  ties  supporting  the  rail 
rested  on  six  inches  of  crushed  rock  ballast.  The  ballast  was  supported  by  a  solid  timber 
floor  resting  directly  on  the  top  flanges  of  the  beams. 

The  location  and  profile  of  the  battered  rail  joint  over  the  south  beams  are  shown 
in  Fig.  11.  The  battered  joint  was  made  by  cutting  the  rail  directly  at  the  center  of  the 
span  and  then  grinding  down  the  adjoining  ends.  After  the  tests  with  the  battered  joint 
were  completed,  the  cut  rail  with  the  battered  ends  was  replaced  with  a  full  length  rail. 
This  eliminated  the  battered  joint  over  the  south  beams  for  the  tests  without  the  rail 
joint. 

The  amount  of  play  at  each  tie  between  the  rail  base  and  the  ballast  was  measured 
by  taking  precise  levels  on  the  tie  and  rail.  The  amount  of  this  play  and  the  top  of  rail 
profile  are  shown  in  Fig.  11. 
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20-Ft.  Beam  Span — Open  Timber  Deck. — This  single  track  span  consisted  of  4  beams 
without  diaphragms,  20  ft.  long  overall,  and  19  ft.  center  to  center  of  bearings,  as 
shown  in  Fig.  8.  The  capacity  of  this  span,  using  gross  section  and  the  present  AREA 
design  stresses  and  impact,  would  be  Cooper's  E-50.9.  The  center  line  of  track  was  off 
center  to  the  south,  2  in.  at  the  west  end  and  1%  in.  at  the  east  end.  With  an  average 
eccentricity  of  l*Hs  in.,  the  south  beams  would  carry  52. 8  percent  of  the  total  load  and 
the  north  beams  would  carry  47.2  percent. 

The  deck  was  of  the  open  type;  that  is,  the  timber  ties  supporting  the  rail  rested 
directly  on  the  top  flanges  of  the  beams. 

The  location  and  profile  of  the  battered  rail  joint  over  the  south  beams  are  shown 
in  Fig.  9.  This  battered  joint  was  made  by  cutting  the  rail  directly  at  the  center  of  the 
span  and  then  grinding  down  the  adjoining  ends  the  same  as  for  the  ballasted  deck  span. 
The  amount  of  tie  play  and  the  top  of  rail  profile  are  shown  in  Fig.  9. 

North  Western  Bridges 

32-Ft.  6-In.  Deck  Girder  Span — Ballasted  Concrete  Deck. — This  double  track  span 
consisted  of  4  girders  per  track  32  ft.  6  in.  long  overall,  and  31  ft.  8  in.  center  to  center 
of  bearings,  as  shown  in  Fig.  15.  The  capacity  of  these  spans,  using  gross  section  and 
the  present  AREA  design  stresses  and  impact  would  be  Cooper's  E-S3.9.  The  center  line 
of  track  on  the  eastbound  span  was  off  center  to  the  north  an  average  of  \Y%  in.  With 
this  eccentricity,  the  north  girders  would  carry  52.3  percent  of  the  total  load  and  the 
south  girders  47.7  percent.  The  center  line  of  track  on  the  westbound  span  was  off 
center  to  the  north  an  average  of  l/%  in.  With  this  eccentricity,  the  north  girders  would 
carry  50.2  percent  and  the  south  girders  49.8  percent. 

The  deck  was  of  the  ballasted  type;  that  is,  the  timber  ties  supporting  the  rail 
rested  on  six  inches  bf  gravel  ballast.  The  ballast  was  supported  by  precast  concrete 
slabs  resting  directly  on  the  top  flanges  of  the  girders. 

The  location  and  profile  of  the  battered  rail  joint  over  the  north  girders  of  the 
eastbound  span  are  shown  in  Fig.  16.  The  battered  joint  was  secured  by  cutting  the  rail 
directly  at  the  center  of  the  span  and  then  grinding  down  the  adjoining  ends.  The  rail 
joint  1  ft.  5  in.  from  the  center  of  the  span  over  the  south  girders  of  the  westbound 
span  (Fig.  17)  was  a  close  fitting  joint  without  batter  and  no  evidence  of  any  effect 
resulting  from  this  joint  could  be  found  on  the  oscillograph  film. 

The  amount  of  play  each  tie  had  between  the  rail  base  and  ballast  was  measured 
by  taking  precise  levels  on  the  tie  and  the  rail.  The  amount  of  this  play  and  the  top  of 
rail  profile  for  both  tracks  are  shown  in  Figs.  16  and  17. 

26-Ft.  Deck  Girder  Span — Open  Timber  Deck. — This  double  track  span  consisted  of 
4  girders  per  track  26  ft.  long  overall,  and  25  ft.  2  in.  center  to  center  of  bearings,  as 
shown  in  Fig.  12.  The  capacity  of  these  spans,  using  gross  section  and  the  present  AREA 
design  stresses  and  impact,  would  be  Cooper's  E-58.5.  The  center  line  of  track  on  the 
eastbound  span  was  off  center  to  the  north  an  average  of  \y2  in.  so  that  the  north 
girders  should  carry  52.5  percent  of  the  total  load  and  the  south  girders  47.5  percent. 
The  center  line  of  track  on  the  westbound  span  was  off  center  to  the  north  %  in.  so 
that  the  north  girders  should  carry  51  percent  of  the  total  load  and  the  south  girders 
49  percent. 

The  deck  was  of  the  open  type;  that  is,  the  timber  ties  supporting  the  rail  rested 
directly  on  the  top  flanges  of  the  girders. 

The  location  and  profile  of  the  battered  rail  joint  over  the  south  girders  of  the 
west  bound  span  are  shown  in  Fig.  14.  The  battered  joint  was  secured  by  cutting  the 
rail  directly  at  the  center  of  the  span  and  then  grinding  down  the  adjoining  ends  the 

(text  continued  on  page  59) 
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(text  continued  from  page  35) 

same  as  for  the  ballasted  deck  span.  The  amount  of  tie  play  and  the  top  of  rail  profile 

for  both  tracks  are  shown  in  Figs.  13  and  14. 

5.  Locomotives 

As  previously  stated,  the  tests  were  made  under  regularly  scheduled  trains.  The 
locomotive  numbers  were  recorded  as  the  train  passed  over  the  bridge  and  the  loco- 
motives were  then  grouped  according  to  their  classes.  The  necessary  information  regard- 
ing these  locomotives  such  as  axle  spacing,  axle  weights  and  nominal  wheel  diameters 
was  furnished  by  the  mechanical  departments  of  the  individual  railroads. 

The  following  is  a  brief  description  of  the  Diesel-electric  locomotives  used  in  these 
tests: 

Burlington  Locomotives 

Diesel-Electric — 3,000  Hp. — The  locomotives  of  this  class  consist  of  2  units,  each 
having  two  2-axle  trucks.  The  total  weight  of  the  first  unit  with  tanks  filled  with  fuel 
and  water  is  224,840  lb.  and  the  total  weight  of  the  second  unit  is  208,080  lb.  The  rating 
of  the  locomotives  of  this  class,  in  terms  of  Cooper's  loading  for  moment  at  the  center 
of  the  span,  is  E-31.7  for  the  24-ft.  span  and  E-30.7  for  the  30  ft.  span.  All  general 
data  regarding  these  locomotives,  such  as  axle  spacing,  axle  weights,  and  nominal  wheel 
diameters  are  shown  in  Fig.  18. 

Diesel-Electric — 4,000  Hp. — The  locomotives  of  this  class  consist  of  two  2,000-hp. 
units,  each  unit  having  two  3-axle  trucks.  The  total  weight  of  each  unit  with  tanks 
filled  with  fuel  and  water  is  314,920  lb.  The  rating  of  the  locomotives  of  this  class,  in 
terms  of  Cooper's  loading  for  moment  at  the  center  of  the  span  is  E-40.4  for  the  24-ft. 
span  and  E-40.1  for  the  30-ft.  span.  All  general  data  regarding  these  locomotives,  such 
as  axle  spacing,  axle  weights,  and  nominal  wheel  diameters  are  shown  in  Fig.  18. 

Santa  Fe  Locomotives 

Diesel-Electric — 1,800  Hp. — The  locomotives  of  this  class  consist  of  1  unit  having 
two  3-axle  trucks.  The  total  weight  of  this  unit  with  tanks  filled  with  fuel  and  water 
is  293,400  lb.  The  rating  of  the  locomotives  of  this  class,  in  terms  of  Cooper's  loading 
for  moment  at  the  center  of  the  span,  is  E-37.7  for  the  20-ft.  beam  span.  All  general 
data  regarding  these  locomotives,  such  as  axle  spacing,  axle  weights,  and  nominal  wheel 
diameters  are  shown  in  Fig.   19. 

Diesel-Electric — 4,000  Hp. — The  locomotives  of  this  class  consist  of  two  2,000-hp. 
units,  each  unit  having  two  3-axle  trucks.  The  average  total  weight  of  the  first  unit, 
with  tanks  filled  with  fuel  and  water  is  314,060  lb.  and  the  average  total  weight  of  the 
second  unit  is  306,000  lb.  The  average  rating  of  the  locomotives  of  this  class,  in  terms 
of  Cooper's  loading  for  moment  at  the  center  of  the  span  is  E-39.2  for  the  22-ft.  span. 
All  general  data  regarding  these  locomotives,  such  as  axle  spacing,  average  axle  weights, 
and  nominal  wheel  diameters  are  shown  in  Fig.  19. 

North  Western  Locomotives 

Diesel-Electric — 2,400  Hp. — The  locomotives  of  this  class  consist  of  two  1,200-hp. 
units,  each  unit  having  two  2-axle  trucks.  The  total  weight  of  the  first  unit  with  tanks 
filled  with  fuel  and  water  is  213,530  lb.  and  the  total  weight  of  the  second  unit  is 
215,650  lb.  The  rating  of  the  locomotives  of  this  class,  in  terms  of  Cooper's  loading  for 
moment  at  the  center  of  the  span,  is  E-36.1  for  the  32-ft.  6-in.  span  and  E-36.4  for  the 
26-ft.  span.  All  general  data  regarding  these  locomotives,  such  as  axle  spacing,  axle 
weights  and  nominal  wheel  diameters  are  shown  in  Fig.  20. 
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Diesel-Electric — 4,000  Hp. — The  locomotives  of  this  class  consist  of  two  2,000-hp. 
units,  each  unit  having  two  3-axle  trucks.  The  total  weight  of  each  unit  with  tanks 
filled  with  fuel  and  water  is  308,400  lb.  The  rating  of  the  locomotives  of  this  class,  in 
terms  of  Cooper's  loading  for  moment  at  the  center  of  the  span  is  E-38.8  for  the  32-ft. 
6-in.  span  and  E-40.9  for  the  26-ft.  span.  All  general  data  regarding  these  locomotives, 
such  as  axle  spacing,  axle  weights,  and  nominal  wheel  diameters  are  shown  in  Fig.  20. 

6.  Analysis  of  Field  Records 
Test  Records 

The  test  records  were  made  on  oscillograph  photographic  film  six  inches  wide  and 
five  feet  long.  An  average  of  six  runs  were  made  on  one  film.  Each  film  was  marked 
with  the  name  of  the  railroad,  bridge  number,  date  and  run  number.  The  run  number 
refers  to  the  log  of  runs  which  shows  the  engine  number,  direction,  type  of  train  and 
all  other  necessary  information  regarding  the  test  run. 

Since  it  would  make  this  report  too  voluminous  to  include  reproductions  of  all  the 
test  films,  only  typical  records  are  included  as  shown  in  Figs.  21  to  32,  inclusive.  These 
films  are  now  on  file  in  the  Engineering  Division  offices,  Association  of  American 
Railroads. 

Reading  of  Records 

For  an  analysis  of  the  records  it  was  first  necessary  to  find  the  base  lines  repre- 
senting zero  stress.  It  should  be  pointed  out  that  the  oscillograph  film  was  started 
before  the  first  axle  reached  the  approach  end  of  the  span  so  that  the  inch  or  two  of 
light  trace  on  the  left  was  taken  without  any  load  on  the  bridge  and  this  trace  is 
parallel  to  the  timing  wave  trace  at  the  bottom  of  the  film.  On  the  typical  records 
included  in  this  report,  the  base  line  was  drawn  from  the  top  of  the  stress  record  on  the 
left  parallel  to  the  timing  wave  trace  at  the  bottom.  The  remaining  records  were  read 
by  placing  the  film  over  graph  paper,  keeping  the  lines  on  the  paper  parallel  to  the 
timing  wave  trace.  Light  pencil  lines  were  then  drawn  on  the  film  indicating  the  upper 
and  lower  envelope  curves  through  the  peaks  of  the  oscillations.  The  mean  stress  curve 
was  then  indicated  in  pencil  midway  between  the  upper  and  lower  envelope  curves.  The 
mean  stress  curves  for  the  slow  locomotive  speeds  represent  the  static  stress  at  the  center 
of  the  span  for  the  different  positions  of  the  locomotive  as  it  passes  over  the  span. 
Hence,  the  maximum  mean  stresses  for  the  five  miles  per  hour  runs  were  taken  as  the 
recorded  static  stresses  for  the  different  locomotive  classes. 

Stress  Corrections 

The  center  of  gravity  of  the  "air  gap"  on  the  magnetic  strain  gage  head  being  0.44  in. 
from  the  base,  the  strains  were  recorded  on  a  plane  0.44  in.  from  the  base.  Assuming 
that  the  stress  is  proportional  to  the  distance  from  the  neutral  axis  it  was  necessary  to 
decrease  the  stresses  when  the  gage  head  was  on  the  outside  of  the  flange  and  increase 
the  stresses  when  the  gage  head  was  on  the  inside  of  the  flange.  For  the  22-ft.  beam 
span  on  the  Santa  Fe,  this  correction  amounts  to  0.964  for  the  stresses  recorded  by  the 
gage  heads  on  the  outside  of  the  flanges  and  1.071  for  the  stresses  recorded  by  the  gage 
heads  on  the  inside  of  the  flanges. 

Tabulation  of  Stresses 

The  mean,  semi-amplitude  and  maximum  stresses  were  taken  from  all  the  oscillo- 
graph films  and,  after  making  the  proper  corrections,  were  tabulated  according  to  loco- 
motive classes  and  in  order  of  speeds.  Where  there  was  more  than  one  girder  er  beam 
per  rail,  the  stresses  secured  from  the  gages  under  each  rail  were  averaged.  For  example, 

(text  continued  on  page  84) 
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(text  continued  from  page  60) 

the  Santa  Fe  ballasted  timber  deck  span  had  three  beams  per  rail  (see  Fig.  10).  Gages  1, 
3,  and  5  were  on  the  beams  under  the  south  rail  while  gages  2,  4,  and  6  were  on  the 
beams  under  the  north  rail.  The  impacts,  as  found  in  this  bridge,  are  based  on  the 
average  of  the  mean,  semi-amplitude  and  maximum  stresses  under  each  rail. 

The  tables  containing  all  the  data  taken  from  the  film  and  entitled  "Tabulation  of 
Stresses"  and  "Analysis  of  Strain  Gage  Readings"  are  similar  to  the  tables  included  in 
the  report  on  the  Chester  bridge  tests,  see  AREA  Proceedings,  Vol.  42,  1941.  These 
tables  are  now  on  file  in  the  Engineering  Division  offices,  AAR. 

7.  Impact  Effects  as  Found  From  the  Test  Data 

The  data,  as  taken  from  the  oscillograph  film  and  summarized  in  the  previously 
mentioned  tables,  were  analyzed  for  the  particular  purpose  of  segregating  and  deter- 
mining the  magnitude  of  the  various  dynamic  or  impact  effects  of  the  moving  loads. 
The  results  of  this  study  are  as  follows: 

Static  Stresses 

The  stresses  at  the  center  of  the  span  under  the  various  locomotive  classes  were 
calculated,  using  the  gross  moment  of  inertia,  for  comparison  with  the  recorded  static 
stresses.  It  soon  became  evident  that  there  was  a  great  deal  of  variation  between  the 
calculated  static  stresses  and  the  recorded  static  stresses,  especially  in  the'  bridges  having 
the  ballasted  decks.  This  comparison  of  static  stresses  and  the  stress  factors  are  shown 
in  Tables  1,  2  and  3.  In  order  to  make  the  table  more  complete,  the  results  found  under 
the  steam  locomotives  as  well  as  the  Diesel  locomotives  are  included  in  the  table. 

The  recorded  and  calculated  static  stresses  on  the  Burlington  open  timber  deck 
bridge  agree  fairly  well,  the  recorded  stress  for  the  Mikado  type  2-8-2  being  8  percent 
greater  than  the  calculated  stress  while  the  recorded  static  stress  for  the  Hudson  type 
4-6-4  is  8  percent  lower  than  the  calculated  stress.  The  average  recorded  static  stress  is 
1  percent  lower  than  the  calculated  stress.  There  is  an  appreciable  variation  between  the 
recorded  and  calculated  static  stresses  on  the  Burlington  ballasted  timber  deck,  the 
recorded  static  stress  for  the  Texas  type  2-10-4  being  7  percent  lower  than  the  calcu- 
lated stress  while  the  recorded  static  stress  for  the  4,000-hp.  Diesel  is  27  percent  lower 
than  the  calculated  stress.  The  average  recorded  static  stress  is  17  percent  lower  than 
the  calculted  stress. 

On  the  Santa  Fe  the  average  recorded  static  stress  for  the  open  timber  deck  bridge 
is  11  percent  lower  than  the  calculated  stress  while  for  the  ballasted  timber  deck  bridge, 
the  average  recorded  static  stress  is  27  percent  lower  than  the  calculated  static  stress. 

On  the  North  Western  the  average  recorded  static  stress  for  the  open  timber  deck 
bridge  is  19  percent  less  than  the  calculated  stress  while  for  the  ballasted  concrete  deck 
bridge,  the  average  recorded  static  stress  is  18  percent  lower  than  the  calculated  static 
stress. 

A  comparison  of  the  top  and  bottom  flange  stresses  under  the  locomotives  at  slow 
speeds  is  shown  in  Table  4.  It  can  be  seen  that,  in  general,  the  top  flange  stresses  agree 
fairly  well  with  the  bottom  flange  stresses,  indicating  that  the  deck  and  rail  are  not 
acting  as  part  of  the  compressive  flange. 

The  reason  for  the  variation  between  the  recorded  and  the  calculated  static  stresses 
is  not  known.  Part  of  this  variation  may  be  due  to  a  redistribution  of  the  axle  loads. 
As  the  span  deflects  the  center  wheels  have  a  tendency  to  drop  and  the  equalizing  system 
transfers  a  portion  of  their  load  to  the  end  axles,  although  this  should  not  hold  true 
for  the  two-axle  trucks  on  the  lighter  Diesel  locomotives. 
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Undoubtedly  the  low  recorded  static  stresses  are  also  due  somewhat  to  the  longi- 
tudinal distribution  of  the  wheel  loads,  especially  for  the  bridges  having  ballasted  decks. 
The  calculated  static  stresses  are  based  upon  concentrated  wheel  loads.  Actually  the 
rail  over  the  bridge  acts  as  a  continuous  beam  on  the  elastic  support  of  ties  and  ballast 
so  that  there  would  be  an  appreciable  amount  of  longitudinal  distribution. 

The  calculated  distribution  of  the  wheel  loads  to  the  steel  beams  resulting  from  the 
Santa  Fe  Northern  type  locomotive  on  the  ballasted  timber  deck  bridge  is  shown  in 
Fig.  33.  The  analysis  of  this  pressure  diagram  considers  the  rail  as  a  continuous  beam 
on  an  elastic  support  with  a  track  modulus  of  3,000  lb.  per  in.  The  pressure  from  the 
individual  wheels  is  shown  by  the  dashed  lines,  while  the  heavy  solid  line  is  the 
resultant  pressure  due  to  the  combination  of  the  wheels. 

The  calculated  stress  in  the  beams  due  to  the  resultant  pressure  is  6.4  kips  per  sq.  in. 
which  is  a  11.7  percent  reduction  from  the  calculated  stress  using  concentrated  loads. 

On  open  deck  spans  a  similar  distribution  takes  place,  the  resistance  of  the  ties  to 
deflection  and  compression  determining  the  track  modulus. 

Track  Effect 

The  stress  semi-amplitudes  as  read  from  the  oscillograph  film  and  tabulated  in  the 
previously  mentioned  tables  are  shown  in  the  top  diagrams  of  Figs.  34  to  43,  inclusive. 
These  semi-amplitudes  are  called  track  effect  stresses  and  are  due  to  rail  joints,  track 
irregularities,  or  wheel  irregularities  which  might  be  due  to  flat  spots,  eccentric  mount- 
ings, or  an  out-of-round  perimeter.  The  track  effect  stresses  recorded  with  the  battered 
rail  joint  on  the  bridge  are  definitely  due  to  the  individual  wheels  hitting  the  battered 
joint  (see  typical  strain  records,  Figs.  21  to  32,  inclusive).  The  track  effect  stresses 
recorded  without  a  rail  joint  on  the  bridge  could  be  due  to  either,  or  both,  the  track 
or  wheel  irregularities. 

It  can  be  seen  from  the  track  effect  diagrams  that,  with  the  battered  joint,  there 
is  a  comparatively  low  critical  speed  for  each  bridge  where  the  track  effect  stresses  are 
a  maximum,  and  these  become  smaller  as  the  speed  increases.  In  general,  the  track 
effect  stresses  at  the  critical  speed  are  greater  than  the  stresses  calculated  by  both  the 
AREA  design  and  rating  rules,  but  they  do  not  increase  with  the  square  of  the  speed 
as  provided  for  in  the  AREA  rating  rules. 

The  values  plotted  on  the  lower  diagrams  of  Figs.  34  to  43  are  the  calculated  con- 
centrated loads  which  would  produce  the  measured  track  effect  stresses.  For  example, 
the  measured  track  effect  stress  resulting  from  the  Burlington  3,000-hp.  Diesel  crossing 
the  open  deck  bridge  at  27  m.p.h.  was  2.1  kips  per  sq.  in.  (see  Fig.  34).  The  calculated 
concentrated  load  to  produce  a  stress  of  2.1  kips  per  sq.  in.  is  41.8  kips.  This  concen- 
trated load  is  145  percent  greater  than  the  static  wheel  load  as  shown  on  the  diagram 
and  in  Table  5.  In  other  words,  the  wheel  in  passing  over  the  joint  produces  a  force  F 
equal  to  41.8  kips. 

It  should  be  noted  that  the  concentrated  loads  F  which  would  produce  the  meas- 
ured track  effect  stresses  resulting  from  the  battered  joint,  are  greater  for  the  stiff  spans 
of  the  Burlington  than  for  those  which  are  more  flexible,  and  from  the  various  spans 
tested  there  seems  to  be  some  definite  relation,  at  the  critical  speed,  between  F  and  the 

span  stiffness,  or  F  is  a  function  of  — ,  or  of—.  By  comparing  the  concentrated  force  F 

L  V 

secured  under  the  Diesel  locomotives  with  those  recorded  under  the  steam  locomotives, 
with  heavier  wheel  loads,  operating  at  the  lower  speeds  where  the  counterbalance  effect 
could  be  neglected,  it  appears  that  the  force  F  is  not  affected  by  the  weight  of  the  wheel 
passing  over  the  joint. 
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An  increase  in  the  concentrated  force  F  with  an  increase  in  span  stiffness  is  a  rela- 
tionship which  appears  to  be  true  for  both  the  open  and  ballasted  decks,  although  the 
force  F  on  ballasted  deck  spans  is  only  about  one-half  of  that  on  open  deck  spans.  This 

relation,  expressed  in  terms  of  the  stiffness  factor  —  is  shown  in  the  top  diagram  of 

Fig.  44  for  both  open  and  ballasted  deck  spans  with  a  battered  rail  joint,  and  insofar  as 
the  tests  already  made  are  concerned,  it  might  be  expressed  as  follows: 

For  open  deck  bridges F  =  0.8  I  y  I  —  0.004  I  ~r  ) 

For  ballasted  deck  bridges   F  s=  0.4  IT")  —  °002  (t) 

On  spans  with  both  open  and  ballasted  decks,  even  without  rail  joints  near  the 
center  of  the  span,  a  similar  force  F  was  found,  which  was  probably  due  to  wheel  or 
track  irregularities  other  than  the  battered  joint.  This  force,  rather  than  reaching  a 
maximum  at  some  moderate  speed,  seemed  to  increase  gradually  with  the  speed  (see 
Figs.  34  to  43).  While  these  forces  were  found  to  be  much  smaller  than  those  found 
with  the  battered  joint,  they  are  of  such  magnitude  that  they  should  not  be  neglected. 

The  relation  of  the  maximum  values  of  these  forces,  as  found,  to  the  stiffness  factor  — 

for  the  various  spans  is  shown  in  the  lower  diagram  of  Fig.  44,  and  might  be  expressed 
as  follows: 

For  open  deck  bridges   F  =  0.40  (  j-  )  —  0.0020  I  7"  ) 

For  ballasted  deck  bridges   F  =  0.22  (t")  —  0.0012  (  j~  ) 

Speed  Effect 

In  measuring  the  mean  stresses,  it  soon  became  evident  that  there  was  some  increase 
in  stress  with  an  increase  in  speed,  as  was  found  in  the  Pennsylvania  bridge  tests  at 
Chester,  Pa.,  reported  in  the  AREA  Proceedings,  Vol.  42,  1941.  This  increase  in  mean 
stress  is  called  speed  effect  and  could  be  due  partly  to  the  centrifugal  force,  resulting 
from  the  load  running  over  the  deflected  span. 

The  measured  speed  effects,  in  percent  of  the  measured  crawl  stress,  have  been 
plotted  in  the  upper  diagrams  of  Figs.  45  to  54,  inclusive.  There  appears  to  be  consid- 
erable variation  in  the  speed  effect  depending  upon  the  bridge  tested.  The  speed  effects 
on  the  Burlington  ballasted  deck  span  are  larger  than  those  on  the  open  deck  span 
while  the  speed  effects  on  both  of  the  North  Western  bridges  are  relatively  small.  This 
may  be  due  to  the  variation  in  rail  profile  and  tie  play. 

Roll  Effect 

As  the  spring-borne  weight  of  the  locomotive,  in  motion,  oscillates  about  a  longi- 
tudinal axis,  it  has  the  effect  of  increasing  the  pressure  on  one  rail  and  decreasing  it  on 
the  other  rail  a  like  amount.  The  effect  of  roll,  shown  in  percent  of  the  static  load,  is 
plotted  for  all  the  bridges  tested  in  the  lower  diagrams  of  Figs.  45  to  54,  inclusive.  The 
roll  effect  percentage  as  specified  by  the  AREA  design  and  rating  rules  is  also  shown  on 
the  diagrams.  It  can  be  seen  that  the  measured  roll  percentages  are  usually  lower  than 
the  specified  percentages  except  for  three  or  four  values. 

(text  continued  on  page  112) 
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(text  continued  from  page  86) 
Total  Impacts 

The  total  impact  percentages  are  the  maximum  increases  in  stresses  for  that  par- 
ticular run,  over  the  stresses  obtained  at  a  speed  of  approximately  five  miles  per  hour. 
These  total  impacts  as  given  are  the  combination  of  (1)  track  effect,  (2)  speed  effect, 
and  (3)  roll  effect,  as  found  for  that  particular  run,  although  it  would  be  only  by  chance 
that  the  maximum  for  all  effects  would  occur  simultaneously. 

The  total  impacts,  in  percentage  of  the  crawl  stress,  have  been  plotted  in  Figs.  55 
to  64,  inclusive.  These  diagrams  also  show  the  amount  of  impact,  for  electric  loco- 
motives, computed  by  the  AREA  design  specification  and  the  AREA  rating  rules  for 
steel  bridges. 

A  comparison  of  the  total  recorded  impacts  in  the  open  deck  bridges  and  the  bal- 
lasted deck  bridges  is  shown  in  Table  6.  The  maximum  value  is  the  largest  recorded 
impact  for  any  one  run  while  the  average  value  was  secured  by  averaging  the  total 
impacts  for  all  the  runs.  It  should  be  pointed  out  that  the  total  impact  is  a  percentage 
of  the  recorded  static  stress  and  as  previously  mentioned,  the  recorded  static  stress  is 
generally  lower  in  the  ballasted  deck  bridges  than  in  the  open  deck  bridges.  The  lower 
static  stresses  in  the  ballasted  deck  bridges  would  therefore  make  the  impact  percentages 
greater  in  thes  spans. 

Burlington  Bridge  Tests. — It  will  be  seen  that  on  the  Burlington  bridges,  the  recorded 
impacts  exceeded  both  the  design  and  rating  rules  impacts  by  an  appreciable  amount 
for  the  tests  made  with  the  battered  rail  joint  on  the  bridge.  For  the  tests  made  without 
the  battered  rail  joint  on  the  bridges,  the  recorded  impacts  generally  exceed  the  rating 
rules  impacts  but  fall  below  the  design  impacts.  The  total  impacts  in  the  ballasted  deck 
bridge  were  appreciably  lower  than  in  the  open  deck  bridge  (see  Table  6) ,  the  total 
impact  under  the  3,000  hp.  Diesel  being  reduced  from  a  maximum  of  85  percent  in  the 
open  deck  span  to  63  percent  in  the  ballasted  deck  span,  while  the  impact  under  the 
4,000-hp.  Diesel  was  reduced  from  76  percent  to  64  percent. 

Santa  Fe  Bridge  Tests. — The  recorded  impacts  on  the  Santa  Fe  bridges  exceeded 
the  rating  rules  impacts  for  the  tests  made  with  the  battered  rail  joint  on  the  bridge  but 
were  lower  than  the  design  impacts.  For  the  tests  made  without  the  battered  rail  joint 
on  the  bridge,  the  impacts  were  lower  than  both  the  design  and  rating  rules  impacts. 
The  impacts  recorded  during  the  tests  with  the  J^-in.  rubber  fabric  pads  under  the 
regular  tie  plates  and  with  the  battered  rail  joint  on  the  bridge  appear  to  be  about  as 
high  as  the  tests  made  with  just  the  battered  rail  joint  on  the  bridge.  There  does  not 
appear  to  be  a  great  deal  of  difference  in  the  maximum  impacts  in  the  open  and  bal- 
lasted deck  bridges,  although  the  average  impact  in  the  ballasted  deck  bridge  is  lower 
than  the  average  in  the  open  deck  bridge  (see  Table  6). 

North  Western  Bridge  Tests. — The  recorded  impacts  on  the  North  Western  bridges 
were  lower  than  the  design  impacts  but  exceeded  the  rating  rules  impacts,  except  for  the 
4,000-hp.  Diesel  on  the  ballasted  concrete  deck  bridge.  The  average  impact  in  the  bal- 
lasted concrete  deck  bridge  is  lower  than  the  average  impact  in  the  open  deck  bridge 
(see  Table  6). 

Recorded  Maximum  Stresses 

The  maximum  live  load  plus  impact  stress  recorded  for  each  test  run  is  plotted  on 
the  diagrams  of  Figs.  65  to  74,  inclusive.  The  total  calculated  live  load  and  impact 
stress,'  using  both  the  design  and  rating  rules  impacts,  are  also  shown  on  the  diagrams 
as  well  as  the  recorded  static  live  load  stress  and  the  calculated  static  live  load  stress. 

(text  continued  on  page  118) 
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TABLE     1 
RECORDED  AND  CALCULATED  STATIC  STRESSES 
CHICAGO,  BURLINGTON  &  QUINCY  RAILROAD  BRIDGE  TESTS 


Ballasted  Tir.ber  neck 

Looomotive 
Class 

Reoorded 
Static 
Stress 

Caloulated 
Statio 
Stress 

Stress 
Factor 

Reoorded 
Calculated 

Looomotive 
Class 

Reoorded 
Statio 
Stress 

Calculated 
Statio 
Stress 

Stress 
Factor 

Reoorded 
Calculated 

3000  H.P.Diesel 

2.6 

2.5 

1*06 

3000  H.P.Diesel 

2.3 

2.6 

0.88 

1*000  H.P.Diesel 

3.1 

3.2 

0.96 

1*000  H.P.Diesel 

2.1* 

3.3 

0.73 

Hudson  it— 6-it 

l*.l 

U.5 

0.92 

Hudson  l*-64* 

3.7 

1*.5 

0.82 

Texas  2-104* 

5.2 

5.5 

0.95 

Texas  2-104* 

U.8 

5.1 

0.93 

Mikado  2-8-2 

i*.e 

1*.5 

1.08 

Mikado  2-8-2 

5  J. 

UJ» 

0.77 

Average 

0.99 

Average 

O.83 

Note:     All   stresses  shown  are  in  kips   per  square  inch. 


TABLE     2 
RECORDED  AND  CALCULATED  STATIC  STRESSES 
ATCHISON,   TOFEKA  AND  SANTA  FE  RAILWAY  BRIDGE  TESTS 


r 

Open  Timber  Deok 

-■'■'"                                                                                 1 
Ballasted  Timber  Deck 

Locomotive 
Class 

Recorded 
Static 
StreBS 

Calculated 
Statio 
Stress 

Stress 
Factor 

Recorded 
Caloulated 

Locomotive 
Class 

Recorded 
Statio 
Stress 

Calculated 
Static 
Stress 

Stress 
Factor 

Recorded 
Caloulated 

1800  H.P.Diesel 
Mikado  2-8-2 
Paoif  io  l*-6-2 

5.5 
8.5 
7.5 

6.1 
9.8 
6.3 

0.90 

0.87 
0.91 

1*000  H.P.Diesel 
Northern  U-64» 
Santa  Fe  2-10-2 
Santa  Fe  2-10-2 
Mountain  Z*-8-2 

3.8 
5.1 
5.9 
5.2 
5.1 

5.1 

7.3 
7.7 
7.3 
7.0 

0.75 
0.70 
0.76 
0.72 
0.73 

Averago 

0.89 

Average 

0.73 

Note  1     All   strosses  shown  are  in  kips  per  square   inch. 
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TABLE     J 
RECORDED  AND  CALCULATED  STATIC  STRESSES 
CHICAGO  AND  NORTH  WESTERN  RAILWAY  BRIDGE  TESTS 


Opon  Timber  Deck 

Ballasted  Concrete 

Dock 

Loo  omot  ive 
Class 

Recorded 
Statio 
Stress 

Calculated 
Static 
Stress 

Stress 
Faotor 

Recorded 
Calculated 

Locomotive 
Class 

Reoorded 
Statio 
Stress 

Calculated 
Static 

Stress 

Stresa 
Paotor 

Reoorded 

Calculated 

21400  H.P.  Diesel 

h.l 

5.2 

0.83 

21*00  H.P.Diesel 

U.5 

U.e 

0.89 

1*000  H.P.DiOBel 

h.l 

5.8 

0.81 

1*000  H.P .Diesel 

Ui 

5.3 

0.82 

northern  L>— 8— it, 

6.7 

8.2 

0.81 

Northern  l+-8-i|. 

6.2 

8.3 

0.75 

Hudson  l*-6-i* 

6.5 

7.8 

0.81 

Hudson  l*-64* 

5.8 

7.3 

0.80 

Average 

0.81 

Average 

0.8? 

Notes     All   stresses   6hown  are  in  kips   per   square  inch. 


TABLE    h 
COMPARISON  OF  RECORDED 
TOP  AND  BOTTOM  FLANGE  STATIC  STRESSES 


- 

Open  Deok 

Ballasted  Deok 

Locomotive 
Railroad                   Class 

Top 
Flange 

Lower 
Flange 

Top 
Flange 

Lower 
Flange 

3000  H.P.Diosel 
C.B.&  Q.          Texas  2-10-i* 
Mikado  2-8-2 

1800  H.PJ)iesel 
Mikado  2-8-2 
'  Pacific  U-6-2 

2.6 
5.2 
1*.6 

7.6 
6.5 

2.6 

5.2 
U.8 

1*.6 
8.2 
7.2 

A.T.i  S.F.      Northern  I4.-8-I4. 
Santa  Fe  2-10-2 
Santa  Fe  2-10-2 
Mountain  l*-8-2 

5.6 
6.00 
6.2 
6.3 

5.7 
5.9 
6.3 
6.0 

C.4  H.W.          21*00  H.P.Diosel 
Hudson  1+-6-J* 

l*.o 
5.2 

5.3 

Notos     All   stresses  shown  aro   in  kips   por  square   inch. 


Impact 


115 


3     8 


IA 

3 

LA 

IT* 

o* 

<o 

o 

0s 

* 

3 

!h 

K\ 

CM 

0J 

E4 

r? 

<M 

I 

W 

8S 

4*   -H    « 
■^   +»     ft. 

^ 

3 

-1 

o 

re, 

m 

>0 

0> 

o 

w 

- 

sO 

t 

tS 

o 

H 

O 

o 

CO 

H 

CJ 

r-l 

fA 

O 

° 

i> 

■a  &        •§ 

m 

o 

IA 

in 

in 

LA 

fAl 

OS 

IA 

-^ 

g 

*i     «!• 

3 

3 

in 

£ 

m 

3 

21 

-' 

J? 

5 

TJ 

ri 

■P    -H     O 

a 

fl     -f     J 

8|h 

S" 

*o 

NO 

0J 

3 

81 

tf 

ON 

3 

H 

OS 
CM 

■c 

| 

-5 

£^i 

5 

T3     0 

<£ 

ce 

g  §33 

IA 

Os 

fj 

CO 

O 

IA 

OJ 

o\ 

IA 

. 

«tf 

t~ 

2 

-O 

in 

NO 

Ml 

r- 

CM 

NO 

C^ 

3 

-M 

S% 

P 

«1 

o 

-*-> 

■T3 

+>         • 

| 

o      a 

-C 

•o  a>       -h 

•P 

o  <-    o 

■tf  *H  <B    • 

* 

i.   W    o    cr 

J- 

o 

-J 

CO 

CO 

o 

r- 

LA 

sO 

OS 

« 

o 

-1 

o 

o 

o 

rl 

o 

rt 

O 

o 

<3 

V 

«  d  w  a 

e 

S   a 

+> 

H 

o 

•a 

M 

St 

+»  +>  .3 

1 

I 

O   W    0 

IT* 

£ 

CO 

5 

o 
3 

m 

C\J 

o 

3 

IA 

K 

TJ 

c 

V) 

1 

O 

s 

4> 

; 

5 

H      tTJ     B 

OS 

CO 

CM 

t-- 

Ch 

o 

OS 

H 

IA 

s 

** 

g  sss 

Jh 

-J 

CM 

CO 

o 

H 

d 

^ 

rt 

it 

£ 

i 

si 

■ 

•d 

+>        • 

5 

S     S 

i 

tS  C 

* 

O    V.     CD       « 

t)  w  <s  cr 

o 

5 

££M£ 

O 

01 

o 

CM 

-3- 

-o 

o 

+> 

E 

J 

"35  . 

U 

V    9   CU 

CO 

CM 

s 

0J 

2 

S. 

3 

IA 

OS 

_3 

CJ 

tJ 

SJrs* 

1 

'a 

JM 

M 

° 

M 

M 

Jri 

9 

uI 

*J 

O 

s 

a 

Q 

° 

■M 

M 

A 

M 

*i 

D 

R 

6 

fel 

fea 

if 

u  a 

i 

P 

§ 

L,    Q 

C 

U   Q 

■9 

« 

-a  t- 

"O     u 

•a  tr* 

It    "CJ 

si 

a  o 

■d 

!i 

3? 

H 

5*  ® 

•o 

3  s 

H  5 

•p 

at 

a5 

«   © 

»5 

sO    O 

o   E 

-o  o 

b.s 

1 

x  n 

•  H 

•  £-• 

£5 

So 

^     ^ 

£fl 

£5 

£  a 

£^ 

£c 

LVh  <3 

£*a 

c?i 

<e2 

r! 

m  o5 

0J  « 

CM  o 

txa 

SO      & 

CM   O 

CM    tf 

sl 

fl 

% 

£ 

a 

■v 

SO  <H 

pi 

firt 

m-i 

W  rH 

tC   r-i 

EH 

O    A 

8  i 

O    "0 

H 

O    Ov 

S 

O  -H 

O    -H 

■9 

IAQ 

3fl 

J-Q 

rH    Q 

c3  Q 

j-  a 

B 

1 

C? 

tZ 

s 

1 

4) 

i 

z 

H 

41 

■ 

■< 

u 

1 

116 


Impact 


5s 


I 

g   ? 


"1 

5  o. 


i^i 


"3      . 

-p  c  a, 


If 

3& 


t-  in 

4 


tfa 


i?s  I  S«o 


84 


Sg 


lis 


S9 

I! 

i 


1 

Ij 

3* 


Is 

If 

8.S. 


J 


Impact 


117 


5    1 


I     I 

3   " 


£2 


if* 


al  a. 

o  ©       o  * 


O    O 


*£ 


(1 


8.4> 


5| 


II 


■Si 


118 Impact 

(text  continued  from  page  112) 

It  will  be  seen  that  the  maximum  stresses  recorded  in  all  of  the  bridges,  except  the 
Burlington  open  deck  bridge,  were  lower  than  the  live  load  and  impact  stresses  calculated 
using  the  AREA  design  impact,  and  in  most  cases  were  lower  than  the  calculated  stress 
using  the  AREA  rating  rules  impact.  It  should  be  pointed  out  that  the  calculated  stresses 
are  based  upon  full  static  live  load  stresses  while,  actually,  the  recorded  static  stresses 
were  appreciably  lower,  except  in  the  Burlington  open  deck  bridge. 

8.  Conclusions 

These  tests  on  short  span  bridges,  with  both  open  and  ballasted  decks,  afforded  an 
opportunity  to  measure  and  compare  the  dynamic  effect,  on  the  same  span,  resulting 
from  a  battered  rail  joint  with  that  recorded  when  the  rail  had  no  joints. 

From  the  data,  as  found  from  these  tests,  it  seems  logical  to  conclude  that: 

1.  In  these  short  spans  the  recorded  static  stresses  are  appreciably  lower  than  the 
calculated  static  stresses,  based  upon  the  concentrated  wheel  loads.  The  difference  was 
greater  on  the  spans  with  ballasted  decks  than  those  with  open  decks. 

2.  The  stresses  resulting  from  a  battered  rail  joint  on  the  bridges  with  both  open 
and  ballasted  decks  were  found  to  be  a  maximum  at  comparatively  low  speeds,  with 
the  exception  of  the  Santa  Fe  22-ft.  ballasted  deck  span.  The  track  effect  stresses  reduced 
in  magnitude  after  the  critical  speed  was  passed. 

3.  The  track  effect  stresses  found  on  the  ballasted  deck  spans  were  considerably 
lower  than  those  found  on  open  deck  spans. 

4.  The  track  effect  stresses  with  a  battered  rail  joint  on  the  bridge  are  generally 
greater  at  the  critical  speed  than  those  calculated  by  either  the  AREA  design  specifica- 
tion or  the  AREA  rating  rules  for  any  probable  speed. 

5.  On  spans  with  either  open  or  ballasted  deck,  without  battered  rail  joints,  there 
is  no  definite  critical  speed  at  which  the  track  effect  stresses  are  a  maximum,  but  they 
seem  to  increase  gradually  with  an  increase  in  speed. 

6.  The  track  effect  stresses,  without  a  battered  rail  joint  on  the  span,  with  either 
open  or  ballasted  decks,  are  generally  lower  than  the  stresses  calculated  by  either  the 
AREA  design  specification  or  the  AREA  rating  rules. 

7.  There  was  some  increase  in  stress  with  an  increase  in  speed  called  "Speed  Effect". 
This  same  effect  was  found  in  the  analysis  of  the  Pennsylvania  Chester  tests  as  reported 
in  the  AREA  Proceedings,  Vol.  42,  1941. 

8.  The  stresses  in  these  short  spans  due  to  roll  were  generally  found  to  be  some- 
what less  than  those  provided  for  in  the  AREA  design  specification  and  rating  rules. 
In  most  cases,  the  stresses  due  to  roll  increased  with  an  increase  in  speed  up  to  about 
60  m.p.h.  where  they  were  a  maximum. 

9.  The  total  percentages  of  impact  in  both  open  and  ballasted  deck  bridges  on  the 
Burlington  were  greater  than  those  provided  for  by  either  the  AREA  design  specification 
or  rating  rules,  while  on  the  Santa  Fe  and  the  North  Western  bridges  the  total  impacts 
were  lower  than  those  provided  for  by  the  AREA  design  specification,  but  exceeded  the 
provisions  of  the  AREA  rating  rules. 

10.  The  total  impacts  in  bridges  having  ballasted  decks  were  lower  than  the  impacts 
in  bridges  having  open  decks. 

11.  The  %-in.  rubber  fabric  pads  used  under  the  regular  steel  tie  plates  in  these 
tests  did  not  reduce  the  amount  of  impact. 

12.  For  rating  short  span  bridges,  when  — 'of  the  span  does  not  exceed  100,  it  is 

tentatively  recommended  that  the  concentrated  load  or  force  acting  at  the  center  of 

the  span  due  to  the  track  joint  effect  and  now  expressed  as  F  =  — be  taken  as: 

20,000 
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(a)  With  rail  joint  at  or  near  the  center  of  the  span: 

For  open  deck  bridges F  —  0.8  I  ~r  I  —  0.004  (  T  ) 

For  ballasted  deck  bridges   F  —  0.4  \t)  —0.002  (-^  ) 

(b)  Without  rail  joints  at  or  near  the  center  of  the  span: 

For  open  deck  bridges F  =  0.40  (  ~r  J  —  0.0020  (  ^  ) 

For  ballasted  deck  bridges   F  —  0.22  1^)  —  0.0012  f-^-j 

in  which: 

F  =  force  in  kips  acting  on  the  rail  due  to  low  joint,  track  or  wheel  irregularities. 
/  =  gross  moment  of  inertia  of  the  girder  or  beam  under  each  rail  in  inches4. 
L  =  length  of  span,  center  to  center  of  bearings,  in  inches. 

At  slow  speeds  of  say  10  m.p.h.  one-half  of  the  above  values  may  be  used. 

13.  It  is  evident  from  these  tests  that  a  material  reduction  in  total  impact  in  short 
span  bridges  can  be  obtained  by  reducing  the  rail  joint  impact  through  the  use  of 
continuous  rails  or  welded  joints  on  the  span. 
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To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

1.  Developments  in  the  application  of  electricity  to  railway  service. 
Progress  report — submitted  as  information  below. 

2.  The  principal  current  activities  of  the  Electrical  Section,  Engineering  Division,  AAR, 
by  synopsis,  supplemented  with  list  and  reference  by  number  of  adopted  specifica- 
tions, designs  and  principles  of  practice. 

Progress  report — submitted  as  information  on  the  next  page. 

The  Committee  on  Electricity, 

D.  B.  Thompson,  Chairman. 


Report  on  Assignment  1 

Developments  in  the  Application  of  Electricity  to  Railway  Service 

Since  the  last  meeting  world  conditions  have  radically  changed  and  the  energies  of 
the  railroads  and  the  manufacturing  companies  of  this  country  have  been  and  are  now 
directed  toward  an  all-out  war  effort.  This  demands  the  maximum  utilization  of  exist- 
ing equipment,  and  resort  to  the  use  of  substitute  materials  rather  than  plant 
improvements. 

Owing  to  the  great  needs  of  the  armed  forces  for  critical  materials,  it  has  been 
necessary  to  revise  specifications  for  materials,  substituting  non-critical  materials  for 
critical  materials  and  devising  ways  and  means  of  prolonging  the  life  of  existing 
equipment  as  well  as  increasing  its  usefulness.  The  Electrical  Section  is  playing  an 
important  part  through  its  committees,  which  are  working  with  the  various  govern- 
mental agencies  in  exploring  the  field  where  substitutions  can  be  made  and  revising 
specifications  for  manufactured  products  so  as  to  use  less  critical  materials.  Synthetic 
resin  material,  having  many  of  the  desirable  characteristics  of  rubber,  is  now  being  used 
for  insulation  purposes  and  it  is  highly  probable  that  the  future  will  reveal  many 
substitutes  acceptable  as  standards. 

Standardization  and  elimination  of  many  types  and  sizes  of  wires  and  lamps  will 
ensue,  no  doubt,  as  the  tendency  is  toward  a  general  acceptance  of  specifications 
promoted  by  national  organizations. 
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In  the  field  of  welding  there  has  recently  been  put  on  the  market  a  new  a.c.  weld- 
ing electrode,  known  as  the  general  purpose  electrode.  With  this  new  electrode,  which 
incidentally  can  be  used  for  all-position  welding,  the  greater  use  of  a  transformer-type 
welder  has  been  made  possible,  thereby  resulting  in  the  availability  of  the  simplest  type 
of  machine  with  no  rotating  parts. 

In  the  future,  perhaps,  because  of  experience  gained  by  force  of  necessity  during 
this  emergency  period,  as  the  result  of  efforts  to  use  equipmnt  to  its  fullest  capacity, 
greater  consideration  will  be  given  to  measures  designed  to  obtain  the  maximum  effi- 
ciency and  availability  from  facilities  at  our  disposal. 


Report  on  Assignment  2 

The  Principal  Current  Activities  of  the  Electrical  Section,  Engi- 
neering Division,  AAR,  by  Synopsis,  Supplemented  With  List 
and  Reference  by  Number  of  Adopted  Specifications, 
Designs  and  Principles  of  Practice 

In  addition  to  the  regular  committee  activities  of  the  Electrical  Section  as  reported 
below,  there  have  been  special  activities  of  this  section  in  connection  with  the  war 
effort.  When  it  became  apparent  that  the  use  of  rubber  and  copper  would  be  greatly 
curtailed,  the  Electrical  Section  participated  with  other  sections  of  the  AAR  concerned 
with  the  use  of  electricity  in  the  organization  of  a  special  committee  to  deal  with  the 
problem  of  critical  materials.  This  resulted  in  definite  recommendations  relative  to  the 
use  of  varnished  cambric  cable  under  certain  conditions  instead  of  rubber-covered  cable, 
which  result  in  some  very  surprising  reductions  in  the  amount  of  copper  required,  as 
well  as  a  complete  elimination  of  rubber.  For  example,  varnished  cambric  cable  is  only 
required  to  have  approximately  one-half  as  much  copper  in  order  to  carry  a  specific 
current  as  would  a  rubber-covered  cable. 

In  conjunction  with  other  sections  of  the  AAR,  arrangements  have  been  made  to 
use  a  type  of  solder  requiring  a  smaller  percentage  of  tin  than  has  been  used  heretofore. 
Also,  a  new  type  of  splice  for  lead-covered  cables  has  been  developed  which  utilizes 
considerably  less  solder  and  lead  than  any  splice  previously  used. 

Also,  through  representation  on  the  Electrical  Committee  of  the  National  Fire  Pro- 
tection Association  the  section  has  had  an  active  part  in  the  drafting  of  temporary  revi- 
sions of  the  National  Electrical  Code,  and  to  date  the  secretary  has  issued  five  circulars 
to  the  member  roads  in  which  these  interim  amendments  have  been  reported.    . 

It  has  been  recommended  to  all  member  roads  that  during  the  period  of  emergency 
all  electrical  installations  be  designed  on  the  current  carrying  capacity  of  the  wire  rather 
than  determine  wire  size  by  the  limiting  voltage  drop.  This  results  in  a  slightly  less 
effective  electrical  distribution  system  but  also  results  in  a  considerable  reduction  in  both 
the  copper  and  rubber  required  for  a  given  installation. 

A  special  committee  has  gathered  available  information  on  permissible  overloads 
on  transformers  which  will  serve  as  a  guide  to  member  roads  in  determining  the 
minimum  transformer  capacities  they  will  require. 

Another  committee  has  formulated  rather  definite  instructions  on  conservation  of 
welding  rod,  and  considerable  benefits  should  accrue  from  the  study  of  this  information. 

In  addition,  committees  are  now  investigating  methods  of  controlling  lighting  so 
that  blackouts  may  be  effected  promptly  whenever  they  may  be  needed. 
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Representatives  of  the  section  have  cooperated  with  the  special  committee  appointed 
by  the  AAR  to  determine  from  actual  tests  and  observations  just  how  much  light  can 
be  allowed  around  railroad  facilities  without  being  detected  from  the  air.  It  has  been 
found  that  sufficient  lighting  may  be  allowed  so  that  operations  may  be  continued, 
although  not  as  under  normal  lighting  conditions.  This  committee  has  had  the  specific 
assignment  of  determining  the  maximum  amount  of  lighting  permissible  without  aerial 
observation,  but  certain  deviations  from  these  recommendations  are  possible  where 
complete  obscuration  may  not  be  necessary.  In  carrying  out  these  studies  particular 
care  was  exercised  that  all  recommendations  should  involve  the  use  of  an  absolute 
minimum  of  critical  materials. 

The  member  roads  have  been  kept  advised  of  the  activities  mentioned  above  by 
means  of  special  bulletins  as  it  has  been  desired  that  the  roads  should  receive  the  infor- 
mation as  promptly  as  possible,  and  without  the  necessity  of  waiting  for  a  printed  book 
of  reports. 

As  part  of  the  section's  regular  committee  activities,  the  Committee  on  Power  Sup- 
ply, after  two  years  of  cooperation  with  Committee  20 — Uniform  General  Contract 
Forms,  developed  a  revision  of  the  Form  of  Agreement  for  the  Purchase  of  Electrical 
Energy  for  Other  Than  Traction  Purposes  now  appearing  in  the  AREA  Manual  and 
submitted  it  to  the  section  for  adoption.  Committee  20  will  likewise  recommend  the 
adoption  of  this  revised  form  by  the  AREA. 

The  Committee  on  Standardization  of  Apparatus  and  Materials  prepared  and  sub- 
mitted as  information  Specifications  for  Rubber-Insulated  Wires  and  Cables  No.  18  AWG 
and  Larger  which  incorporate  revisions  conforming  to  limitations  imposed  on  the  use 
of  critical  materials  by  the  War  Production  Board. 

The  Committee  on  Electric  Heating  and  Welding  has  presented  reports  on  two 
assignments,  namely,  on  the  induction  heat  treating  of  rail  ends,  collaborating  with 
Committees  A — Rail,  and  27 — Maintenance  of  Way  Work  Equipment;  and  on  the  com- 
parative advantages  and  disadvantages  of  a.c.  60-cycle  and  180-cycle,  d.c.  rectifiers, 
motor  generators  and  other  equipment  and  methods  of  control  used  in  welding,  also  in 
collaboration  with  Committee  27.  However,  of  more  immediate  interest  is  a  report  on 
means  of  conserving  electrodes  or  otherwise  meeting  the  current  shortage  of  electrodes. 

The  Committee  on  Track  and  Third-Rail  Bonds  submitted  for  adoption  and  publi- 
cation in  the  Manual  of  the  Electrical  Section,  Specifications  for  Welded  Type  Rail  Head 
Bonds  and  Track  Connectors  for  Carrying  Return  Propulsion  Current. 

The  Committee  on  Illumination  submitted  brief  reports  on  three  assignments  but 
directed  its  attention  primarily  to  a  report  on  methods  of  lighting  bridges  for  protection 
from  sabotage. 

Also  of  direct  interest  at  the  present  time  is  the  report  prepared  by  the  Committee 
on  the  Design  of  Indoor  and  Outdoor  Substations,  comprising  recommendations  for 
increasing  the  overload  capacity  of  transformers  and  instructions  for  the  inspection  and 
maintenance  of  transformers  as  a  means  of  avoiding  failures  in  the  face  of  extreme 
difficulty  of  replacement. 
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To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Developments  in  railway  signaling. 

Progress  report — presented  as  information  below. 

2.  The  principal  current  activities  of  the  Signal  Section,  AAR,  by  synopsis,  supplemented 
with  list  and  reference,  by  number,  of  adopted  specifications,  designs  and  principles 
of  practice. 

Progress  report — presented  as  information   page  125 

The  Committee  on  Signals  and  Interlocking, 

H.  L.  Stanton,  Chairman. 


Report  on  Assignment  1 

Developments  in  Railway  Signaling 

W.  M.  Post  (chairman,  subcommittee),  G.  H.  Dryden,  W.  J.  Eck,  W.  H.  Elliott,  C.  R. 
Hodgdon,  J.  C.  Mock,  F.  W.  Pfieging,  A.  H.  Rudd,  C.  H.  Tiliett,  W.  M.  Vandersluis. 

Application  of  Coded  Carrier  Circuits  to  Centralized 
Traffic  Control  Systems 

Means  have  been  developed  recently  and  are  now  available  which  make  it  possible 
to  control  signals,  switches  and  indications  in  two  or  more  centralized  traffic  control 
sections  simultaneously  over  a  pair  of  line  wires  from  the  centralized  traffic  control  office. 
If  the  pair  of  wires  is  also  used  for  a  telephone  circuit,  conversations  can  be  carried  on 
without  interference. 

This  is  accomplished  by  the  use  of  carrier  frequencies  over  the  two  line  wires  to 
the  second  or  more  CTC  sections.  Assuming  the  office  is  located  at  the  beginning  of  the 
first  CTC  section,  the  code  impulses  would  be  transmitted  to  and  from  the  units  in  that 
section  in  the  conventional  manner.  The  code  impulses  for  the  second  section  would  be 
transmitted  by  carrier  frequencies  over  the  two  line  wires  used  for  the  coded  impulses 
throughout  the  first  section  and,  by  means  of  a  "Coded  Carrier  Control"  located  at  the 
junction  of  the  first  and  second  sections,  would  deliver  corresponding  conventional  codes 
to  the  second  section  and  receive  conventional  coded  impulses  from  the  second  section 
which  would  be  changed  to  carrier  frequency  coded  impulses  to  be  delivered  to  the 
CTC  office.  By  an  extension  of  these  principles,  other  independent  CTC  sections  can  be 
controlled. 
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Another  application  has  been  developed  which  permits  the  operator  of  a  centralized 
traffic  control  installation  to  be  located  at  a  point  remote  from  the  CTC  territory.  Car- 
rier frequencies  over  an  existing  communication  line  may  be  used  to  transmit  the  codes 
between  the  office  and  the  CTC  territory.  In  a  similar  manner  other  existing  communica- 
tion circuits  may  serve  to  conduct  the  carrier  frequencies  to  the  remote  CTC  territory 
in  emergency  when  the  normal  line  is  out  of  service. 

As  of  October  1,  1942,  there  are  two  installations  in  service  and  two  under  con- 
struction which  involve  a  conventional  section  of  CTC  plus  one  or  more  carrier  operated 
sections. 

The  advantages  claimed  for  this  development  are: 

1.  Saving  in  amount  of  line  wire  for  large  installations 

2.  Practical  removal  of  limits  both  in  regard  to  number  of  field  stations  and  length 
of  CTC  line  which  may  be  controlled  from  one  point  over  one  pair  of  line  wires 

3.  Greater  choice  is  possible  in  regard  to  the  location  of  the  operator  of  the  CTC 
installation 


Report  on  Assignment  2 

The  Principal  Current  Activities  of  the  Signal 
Section,  AAR,  by  Synopsis 

Supplemented  With  List  and  Reference,  by  Number,  of  Adopted 
Specifications,  Designs  and  Principles  of  Practice 

W.  M.  Post  (chairman,  subcommittee),  G.  H.  Dryden,  W.  J.  Eck,  W.  H.  Elliott,  C.  R. 
Hodgdon,  J.  C.  Mock,  F.  W.  Pfleging,  A.  H.  Rudd,  C.  H.  Tillett,  W.  M.  Vandersluis. 

Current  Activities  of  the  Signal  Section,  AAR,  Since  November  1941 

In  connection  with  the  conservation  of  vital  war  materials,  emergency  methods  and 
practices  for  conservation  of  vital  war  materials  as  well  as  emergency  specifications  have 
been  issued.  This  subject  is  being  handled  by  the  Special  Emergency  Specification  com- 
mittee, in  cooperation  with  the  War  Production  Board.  The  ten  standing  committees 
of  the  section  have  been,  and  are,  working  on  the  assignment:  Investigate  the  possi- 
bilities of  the  use  of  substitute  materials. 

Representatives  of  the  section  are  actively  engaged  in  the  tests  being  conducted  by 
the  AAR  Special  Committee  on  Blackout  of  Railway  Equipment. 

Three  of  the  chapters  of  American  Railway  Signaling  Principles  and  Practices,  pre- 
pared for  the  education  of  signal  men  and  others  desiring  to  study  this  subject,  have 
been  revised  and  brought  up  to  date.  The  complete  series  will  comprise  24  chapters, 
23  of  which  have  been  completed  to  date. 

The  work  performed  during  the  1941  fiscal  year  and  reported  in  the  advance  notice 
for  the  1942  Annual  Meeting  (which  meeting  has  been  canceled),  covers  the  following 
subjects: 

1.  Costs  involved  in  stopping  trains 

2.  Coded  track  circuit  control 

3.  Freight  train  time  saving  where  trains  are  operated  by  signal  indication 

4.  Economics  of  precast  foundations 

5.  Train-hour  value 

6.  Economics  of  communication  between  front  and  rear  end  and  between  engines, 
trains  and  fixed  points 
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7.  Automatic   train   control   and  automatic   cab   signals  in   the  United   States  as   of 
January  1,  1942 

8.  Hearings  set  by  the  ICC  under  the  Signal  Inspection  Act  during  the  year  1941 

9.  List  of  Show-Cause  Orders  issued  by  the  ICC  under  paragraph   (b),  section  25 
of  the  ICC  Act 

10.  Protection  against  lightning 

11.  Methods  and  circuits  for  safely  and  economically  providing  many  signal  con- 
trols over  one  pair  of  wires 

12.  Development    of   proposed   inductive   coordination   measures   involving    railroad 
power  lines  and  power  equipment — cooperative  report 

13.  Table  showing  standard  sizes  of  washers 

14.  Possibility  of  welded  joint  in  signal  pipe 

15.  Standardization  of  wire  and  sheet  metal  gages — cooperative  report 

16.  Pipe  flanges  and  fittings — cooperative  report 

17.  Letter  symbols  and  abbreviations — cooperative  report 

18.  Uses  of  and  the  benefits  to  be  derived  from  calcium  chloride  in  signal  work 

19.  Specification  for  aluminum  paint  suitable  for  finishing  coats  on  steel  structures 

20.  Specification  for  primer  paint  for  steel  and  iron  structures 

21.  Electrical  insulating  materials  in  general — cooperative  report 

22.  Federal,  state  and  dominion  activities — highway  grade  crossing  protection 

23.  Possible  substitution  of  fire-resisting  materials  for  replacing  braid  covering  for 
rubber-insulated  wires  and  cables 

24.  Possibility  of  the  use  of  synthetic  materials  as  a  substitute  for  braid  coverings 
of  wires  and  cables 


Revised  Specifications  Presented  for  Letter  Ballot 

Old  No. 

Low-Voltage  Lightning  Arrester   52-39 

Electric   Interlocking    65-3  7 

Mechanical  Interlocking  Machine,  S.&F.  Locking   75-39 

Electric  Position    Light   Signal    81-39 

Electric  Locks  for  Interlocking  Machines   99^1 

Mechanical  Interlocking  Machine,  Style  "A"  Locking  114-39 

Wiring 119-39 

Track  Circuit  Rail  Bonding   135-40 

Centralized  Traffic  Control  Machine   150-39 

Plug  Type  Rail  Bonds  and  Track  Circuit  Connectors 151-39 

Railroad  Highway  Grade  Crossing  Signs  155—41 

Electric  Lamp  Case  174-39 

Welded  Type  Rail  Head  Bonds  and  Track  Circuit  Connectors 178-39 

Mechanically    Applied    Rail    Head   Type    Bonds    and    Track    Circuit 

Connectors    1 79-39 

Flashing  Light  Signal  Lamp  Unit 190-40 

Specification  for  Bolts,  Nuts  and  Threads   none 

Specification  for  metal  plating    none 

Revised  Drawings  Presented  for  Letter  Ballot 

Tang  End-Lug  and  Compensator  Link  (details  and  assembly) 101 7B 

Mechanically    Applied    Rail    Head    Type    Bonds    and   Track    Circuit 

Connectors    1048A 

Gage  Plate  Insulation— Butt  Joint  for  7-In.  Plate 1373C 

Double  Tang  End 1376 

Gage  Plate  Insulation — Butt  Joint  for  8-In.  Plate 1380A 


New  No. 

52-42 

65-42 

75-42 

81-42 

99-42 

114-42 

119-42 

135-42 

150-42 

151-42 

155-42 

174-42 

178-42 

179-42 

190-42 

none 

none 


1017C 

1048B 
1373D 
1376B 
1380B 
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Old  No.     New  No. 

Crossing  Gate  Arm  1491A  1491B 

Single   Conductor   Plug   Type   Rail   Bonds   and  Track   Circuit   Con- 
nectors       1631C  1631D 

Duplex   Conductor   Plug  Type   Rail   Bonds   and  Track   Circuit   Con- 
nectors         1632C  1632D 

90-Deg.  Reflector  Crossing  Sign  Assembly    1642B  1642C 

90-Deg.  Reflector  Crossing  Sign  Details   1643B  1643C 

Highway    Crossing   Flashing   Light   Signal    Assembly — 7-Ft.   to    9-Ft. 

Cantilever   Span   1686B  1686C 

50-Deg.  Reflector  Crossing  Sign  Details  1693A  1693B 

Revised  Requisites  Presented  for  Letter  Ballot 

Highway  Grade  Crossing  Signals 
Signal  Protection  for  Spring  Switches 

Revised  Instructions  Presented  for  Letter  Ballot 
Electric  Locking  (former  title,  Instructions  for  Testing  Electric  Locking) 

New  Specifications  Presented  for  Letter  Ballot 

No. 

Electric  Switch  Locks   198-42 

Electric  Motor  Mechanism  and  Gate  Arm  for  Automatic  Highway  Grade  Cross- 
ing Signal  199-42 

New  Drawings  Presented  for  Letter  Ballot 

Concrete   Posts    1281A 

Butt  End  Plates— Insulated  Gage  Plates  1383A 

Preferred  Thicknesses  for  Uncoated  Thin  Flat  Metals— Under  0.250  In 1437A 

Highway  Crossing  Signal  Foundation — Cantilever  Mast   1687A 

Highway  Crossing  Flashing   Light   Signal  Assembly — 9-Ft.  to   12-Ft.   Cantilever 

Span    1688A 

Base  for  8-In.  Mast   1690A 

New  Miscellaneous  Matter  Presented  for  Letter  Ballot 

Definitions  for  Technical  Terms  Used  in  Signaling 

Aspects  and  Indications  for  Continuous  Automatic  Cab  Signals 

Specification  Presented  for  Letter  Ballot  for  Removal  from  the  Manual 

Wire  Joints  110-33 

Drawings  Presented  for  Letter  Ballot  for  Removal  from  the  Manual 

Deflecting  Bars   (details)    1069A 

Details  and  Assembly  of  Multiple-Unit  Bolt  Lock  109SC 

Trunking    (to    be    used    when    wires    are    placed    underground    in    petroleum 

asphaltum)    1156 

Tower  Leadouts  (foundation  for  rocking  shafts)    1200 

Tower  Leadouts  (mounted  rocking  shafts)    1201 

Details  of  Tower  Leadouts  (channels  and  I-beams)    1202 

Tower  Leadouts  (foundation  for  cranks  and  deflecting  bars)    1203 

Tower  Leadouts  (mounted  cranks  and  deflecting  bars)    1204 

Details  of  Tower  Leadouts  (mountings  for  cranks  or  deflecting  bars)    1205B 

Tower  Leadouts  (mounted  deflecting  bars  and  rocking  shafts)    1206 

Tower  Leadouts  (mounted  rocking  shafts — low  bearings)    1207 

Tower  Leadouts  (foundation  for  crank,  deflecting  bars  and  rocking  shafts) 1217 
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No. 
Adapter-Base  for  Ground  Mast  Bottom  Mechanism  Signals  (for  adapting  a  single 

mechanism  case  to  a  double  case  foundation  or  vice  versa)    1387 

Switch  Adjustment  Details    1390C 

Switch  Adjustment — Non-Insulated   (assembly)    1391C 

Switch  Adjustment — Insulated   (assembly)    1392C 

Horizontal  Adjustable  Deflecting  Stands  (details  and  assembly)    1396A 

Crank  Bearings  and  Clamps  for  6-In.  Pipe  (for  two-way  single-lamp  signal) ....  1398A 

Dwarf  Signal— Mechanical  Escapement  Cranks  and  Blanking  Shield  141 2 A 

Bonding  of  an  Electric  Railroad  Crossing  with  Steam   Railroad — One  Rail  of 

Electric  Railroad  Insulated  from  Crossing   1428 

Bonding  of  an  Electric  Railroad  Crossing  with  Steam  Railroad — Rails  of  Electric 

Railroad  Not  Insulated   1429 

Gage  Plate  Insulation — Lap  Joint  1454B 

Single  Switch  Assembly:  Attachment — Operating  and  Front  Rods   1534 

Double  Slip  Switch  and  Movable  Point  Frog  Assembly:  Attachment — Operating 

and  Front  Rods  1535 
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N.  D.  Hyde,  Chairman, 

D.  J.  Brumley 

W.  D.  Faucette 

L.  C.  Frohman 

I.  W.  Geer 

G.  F.  Hand 

H.  F.  King 

R.  W.  Marye 


R.  J.  Middleton 

F.  E.  Morrow 
J.  Y.  Neal 
W.  G.  Nusz 

G.  P.  Palmer 
J.  P.  Ray 

E.  H.  Roth 


Benjamin  Elkind,  Vice- 
Chairman, 
P.  T.  Simons 
C.  U.  Smith 
W.  R.  Swatosh 
E.  F.  Wendt 
S.  L.  Wonson 

Committee 


To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 
No  report. 

2.  Recommended  practices  to  prevent  damage  by  navigation  to: 

(a)  Bridges — movable  and  stationary; 

(b)  Piers,  wharves  and  docks. 

Final  report — presented  as  information page  130 

3.  Study  of  metal  and  other  protective  casings  for  pier  structures  under  water. 
No  report. 

4.  Economic  principles  involved  in  clearance  over  navigable  waterways. 
No  report. 

5.  Reasonable  life  of  steel  casings  immersed  in  sea  water. 
No  report. 

6.  Prepare  abstract  of  the   Truman-Hobbs  Act  and   outline  procedure   under  the   act, 
collaborating  with  AAR  Committee  on  Waterway  Projects. 

Progress  report — presented  as  information   page  131 

7.  Procedure  with  regard  to  rivers  and  harbors  projects,  collaborating  with  AAR  Com- 
mittee on  Waterway  Projects. 

No  report. 

8.  Navigable  waters — abstracts  of  court  decisions. 

Final  report — presented  as  information page  132 

The  Committee  on  Waterways  and  Harbors, 

N.  D.  Hyde,  Chairman. 
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Report  on  Assignment  2 
Recommended  Practices  to  Prevent  Damage  by  Navigation  to 

(a)  Bridges — Movable  and  Stationary 

(b)  Piers,  Wharves  and  Docks 

E.  H.  Roth  (chairman,  subcommittee),  G.  F.  Hand,  G.  P.  Palmer,  C.  U.  Smith,  W.  R. 
Svvatosh,  E.  F.  Wendt,  S.  L.  Wonson. 

Your  committee  presents  this  final  report  as  information. 

There  are  three  methods  commonly  used  to  prevent  damage  by  navigation  to 
bridges,  namely: 

1.  A  fender  system  to  serve  as  a  guide  to  navigation 

2.  Visual  signals 

3.  Audible  signals 

A  fender  system  depends  largely  upon  the  strength  of  piles  as  cantilever  beams  to 
withstand  the  overturning  forces  produced  by  the  impact  of  vessels,  barges  and  the  like. 
Numerous  mathematical  discussions  have  been  presented  as  applicable  to  such  construc- 
tion, but  no  analysis  or  formula  appears  to  be  convincing  enough  for  general  application 
due  to  the  various  shipping  weights  and  speeds,  and  the  effect  of  currents,  winds  and 
other  indeterminate  elements  which  are  involved.  A  fender  system  generally  consists  of 
timber  piling  to  which  heavy  timbers  are  fastened  on  the  channel  side  above  the  low 
water  line.  The  size  of  the  piling  and  timbers  depends  on  the  size  of  boats  using  the 
waterway,  the  foundation  and  the  depth  of  the  waterway.  The  purpose  of  the  system  is 
to  act  as  a  guide  and  to  resist  shock  without  receiving  support  from  the  bridge  piers  or 
substructure.  The  accepted  practice  in  the  construction  of  bridge  protection  in  deep  and 
wide  waterways  is  to  provide  resilience  rather  than  rigidity  so  that,  when  struck  a  blow, 
the  system  will  spring  and  not  break. 

In  narrow  waterways  (particularly  inland),  the  fender  system  in  some  cases  is  con- 
structed so  as  to  afford  rigidity  rather  than  resilience,  and  in  such  cases  the  systems  are 
as  a  rule  fastened  to  the  piers.  This  type  of  system  may  be  made  of  either  round  or 
sheet  piling  fastened  together  with  lacing  and  waling  pieces.  Wing  fenders  are  provided 
on  each  end  having  the  same  type  of  construction  as  the  main  fender.  At  the  end  of  the 
wing  at  least  one  set  of  cluster  piles  should  be  driven,  properly  banded  together  and 
bolted  to  the  end  of  the  wings.  With  this  type  of  frame  protection,  it  is  recommended 
that  blocks  be  placed  in  contact  with  the  pier  masonry  in  such  a  location  that  impacts 
from  shipping  will  be  transferred  to  a  part  of  the  pier  least  liable  to  be  damaged.  Pieces 
laid  across  these  blocks  should  support  a  secondary  set  of  timbers  in  such  a  manner 
that  no  shock  can  come  to  the  final  blocks  except  through  bending  of  the  timbers.  Thus 
the  sequence  of  fastening  is  from  waling  to  waling  timbers,  from  waling  timbers  to  dis- 
tributing timbers  and  from  distributing  timbers  to  the  pier  blocks,  and  thence  to  the  pier. 

When  resilience  in  construction  is  preferred,  the  usual  and  most  satisfactory  type  of 
system  is  composed  of  treated  timber  consisting  of  wood  piles  substantially  capped, 
sheathed  with  thick  planks  and  braced  together  by  timbers  in  both  horizontal  and  ver- 
tical planes.  The  pertinent  elements  of  a  resilient  system  are  as  follows:  A  double  row 
of  large  treated  timber  pilings  iaced  together  by  horizontal  and  diagonal  timbers,  driven 
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to  deep  penetration,  spaced  4  to  8  ft.  on  centers  with  heavy  horizontal  timbers  secured 
along  the  top  on  the  channel  side,  and  sheathed  with  a  heavy  plank  so  placed  that  there 
are  openings  between  the  sheathing  and  waling  pieces  for  the  passage  of  water  without 
damage  to  the  facing.  The  piles  must  have  enough  resiliency  to  deflect  under  the  impact 
of  shipping,  and  the  waling  must  be  strong  enough  to  transmit  the  load  to  the  piles 
without  breaking  in  order  to  prevent  a  boat  crashing  through  and  striking  the  bridge. 
The  lacing  along  the  top  should  be  bolted  to  each  pile  head  and  to  the  waling  piece 
against  its  lower  edge.  The  waling  joints  should  be  broken  on  every  third  or  fourth  pile 
and  the  joints  should  be  so  staggered  that  adjacent  waling  pieces  will  not  be  jointed  on 
the  same  pile.  The  waling  pieces  should  be  bolted  with  countersunk  bolts  to  not  less 
than  2  piles  and  thoroughly  spiked  to  other  fender  piles  with  which  they  come  in  con- 
tact. The  top  of  the  system  should  be  4  to  10  ft.  above  high  water  and  the  lowest  waling 
piece  at  low  water.  That  portion  of  the  system  which  is  directly  in  front  of  the  piers 
should  be  bolted  by  heavy  criss-crossed  timbers  to  piling  driven  in  front  of  and  clear 
of  the  piers.  For  lift  bridges  the  system  in  front  of  and  parallel  to  the  pier  should  ex- 
tend at  least  10  ft.  beyond  the  ends  of  the  pier  with  a  wing  at  each  end  at  an  angle  of 
20  to  45  deg.  with  the  face  of  the  pier  and  of  sufficient  length  to  afford  protection  to 
the  pier  and  to  direct  shipping  into  the  channel.  At  the  end  of  the  wings  heavy  cluster 
piles  should  be  driven,  properly  banded  together  and  fastened  to  the  ends  of  the  wings. 
For  swing  bridges  the  fender  system  should  extend  at  least  10  ft.  beyond  each  end  of  the 
swing  span  when  in  open  position,  using  construction  similar  to  that  described  for  lift 
bridges. 

Where  conditions  prevent  the  driving  of  piles,  heavy  timber  cribbing  may  be  used. 
The  cribbing  is  assembled  above  water,  then  sunk  in  position,  generally  using  stone  as  a 
filler  and  weight  to  hold  the  crib  in  place.  Crib  construction  requires  preparation  of  the 
foundation  in  order  that  the  cribbing  may  be  as  nearly  level  as  possible. 

Visual  and  audible  protection  requirements  are  covered  by  rules  and  regulations 
issued  by  the  Bureau  of  Lighthouses  of  the  U.  S.  Department  of  Commerce  and  by  the 
Secretary  of  War,  supplemented  by  local  public  authorities.  Variations  from  these  rules 
have  been  allowed  in  some  instances,  such  as  the  use  of  flashing-light  signals  instead  of 
fixed  signals  when  mutually  agreed  upon  by  public  authorities  and  the  bridge  owners. 


Report  on  Assignment  6 

Prepare  Abstract  of  the  Truman-Hobbs  Act  and  Outline 
Procedure  Under  the  Act 

Collaborating  with  AAR  Committee  on  Waterway  Projects 

H.  F.  King   (thairman,  subcommittee),  I.  W.  Geer,  J.  Y.  Neal,  W.  G.  Nusz,  P.  T. 
Simons,  E.  F.  Wendt. 

This  report  is  offered  as  information  with  the  recommendation  that  the  subject  be 
continued. 

At  present  there  are  three  cases  covering  the  reconstruction  of  movable  bridges  over 
navigable  streams  that  come  under  the  provisions  of  this  act.  In  two  cases  bridges  have 
been  completed  under  section  12  (b)  of  the  act  but  final  determination  as  to  the  appor- 
tionment of  cost  has  not  been  made.  In  the  third  case  the  proceeding  was  started  in 
accordance  with  the  act  and  an  order  was  issued  by  the  Secretary   of  War  requiring 
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bridge  alteration.  The  railway  company  submitted  general  plans  and  specifications  to 
the  Secretary  of  War  providing  for  the  alteration  of  the  bridge  in  accordance  with  the 
order.  The  general  plans  and  specifications  were  approved  subject  to  various  changes 
suggested  by  the  district  engineer,  U.  S.  Corps  of  Engineers.  To  date  no  further  action 
has  been  taken. 

In  August  1940  Mr.  C.  H.  Buford,  vice-president  of  the  AAR  appointed  engineering 
and  law  committees  to  study  the  terms  of  this  act.  The  committees  had  several  meetings 
at  which  all  features  of  it  were  discussed  at  length.  These  two  committees  are  permanent 
and  stand  ready  to  assist  any  railway  company  to  the  fullest  extent  on  questions  in 
connection  with  the  reconstruction  of  bridges  that  come  under  the  provisions  of  this  act. 


Report  on  Assignment  8 

Navigable  Waters — Abstracts  of  Court  Decisions 

F.  E.  Morrow   (chairman,  subcommittee),  L.  C.  Frohman,  G.  F.  Hand,  J.  Y.  Neal, 
W.  G.  Nusz,  S.  L.  Wonson. 

This  report  is  presented  as  information  with  the  recommendation  that  the  subject 
be  discontinued. 

In  1937  your  committee  reported  upon  the  subject  "What  is  navigable  water  in 
fact."  This  report  was  a  review  of  court  decisions  and  interpretations.  It  appears  in  the 
Proceedings,  Vol.  38,  pages  155  to  159,  inclusive. 

In  1940  the  Supreme  Court  of  the  United  States  rendered  a  decision  in  the  case  of 
United  States  of  America,  petitioner,  versus  the  Appalachian  Electric  Power  Company 
(85  L.Ed.  243;  311  US  377),  in  which  the  court  took  a  somewhat  different  view  in 
regard  to  the  question  of  the  navigability  of  a  waterway  than  that  expressed  in  previous 
decisions. 

This  case  involved  the  scope  of  the  federal  commerce  power  in  relation  to  conditions 
in  licenses,  required  by  the  Federal  Power  Commission,  for  the  construction  of  hydro- 
electric dams  in  navigable  rivers  of  the  United  States.  In  order  to  reach  a  decision  on 
this  matter  it  was  necessary  for  the  court  to  decide  first  the  matter  of  navigability  of 
the  New  river,  a  water  course  through  Virginia  and  West  Virginia.  To  obtain  a  clear 
understanding  of  the  implications  of  this  decision  as  they  relate  to  the  question  of 
navigability  one  must  carefully  read  this  decision  in  the  light  of  the  conditions  that 
existed  in  respect  to  this  river. 

However,  it  can  be  stated  that  the  court,  in,  arriving  at  its  decision  that  the  New 
river  was  navigable,  took  into  account  not  only  the  natural  physical  characteristics  of 
the  river  and  its  previous  use  for  commerce,  but  also  considered  the  practicability  of 
artificial  means  to  bring  about  the  navigability  of  this  stream  and  the  effectiveness  of  any 
improvement  to  make  the  river  a  navigable  water  of  the  United  States. 
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Died  July  1,  1942. 


To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  report,  including  recommended  revisions  page  135 

2.  Cause  of  and  remedy  for  pitting  and  corrosion  of  locomotive  boiler  tubes  and  sheets, 
with  special  reference  to  status  of  embrittlement  investigations. 

Progress  report — submitted  as  information   page  144 

3.  Different  types  of  detectors  for  locating  water  pipe  lines  and  line  leaks. 

Final  report — submitted  as  information    page  145 

4.  Progress  being  made  by  federal  or  state  authorities  on  regulations  pertaining  to  rail- 
way sanitation,  collaborating  with  Joint  Committee  on  Railway  Sanitation,  AAR. 
Progress  report — submitted  as  information   page  148 

5.  The  principal  current  activities  of  the  Fire  Protection  and  Insurance  Section,  AAR. 
Progress  report — submitted  as  information   page  153 

6.  Use  of  photo-metric  methods  for  analysis  of  raw,  treated  and  boiler  waters,  boiler 
scale  and  boiler  sludge. 

No  report. 

7.  Specifications  for  welded  steel  tanks  for  water  service,  collaborating  with  Committee 
15 — Iron  and  Steel  Structures,  and  the  American  Welding  Society. 

Final  report — submitted  for  adoption   page  155 

AREA  Bulletin  434,  November,  1942. 
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8.  Use  of  water  for  Diesel  locomotives  and  air  conditioning,  with   character  of  water 
required,  conditioning,  etc. 

Final  report — submitted  as  information    page  160 

9.  Improved  pumping  equipment  and  automatic  controls. 

Final  report — submitted  as  information    page  162 

The  Committee  on  Water  Service,  Fire 
Protection  and  Sanitation, 

B.  W.  DeGeer,  Chairman. 


John  B.  Wesley,  engineer  water  service  of  the  Missouri  Pacific  Railroad  at  St.  Louis, 
Mo.,  passed  away  suddenly  at  St.  Louis  on  July  1,  1942. 

He  was  born  June  14,  1886,  at  Somerset,  Ky.,  attended  the  public  schools  there  and 
at  Stafford,  Kans.  After  completing  the  course  in  chemical  engineering  at  Kansas  Univer- 
sity, and  remaining  as  instructor  for  one  year,  Mr.  Wesley  entered  the  civil  service  of 
the  United  States,  becoming  superintendent  of  American  schools  in  the  Philippine 
Islands,  1912  to  1914. 

Upon  his  return  to  the  United  States  in  1914,  he  became  identified  with  the  water 
service  department  of  the  Missouri  Pacific  at  Little  Rock,  Ark.  In  1917,  he  joined  the  cause 
of  his  country  in  World  War  No.  1,  went  to  France  in  November  of  1917  and  remained 
after  the  Armistice  as  first  sergeant  in  the  Army  of  Occupation  at  Coblenz,  Germany. 
He  returned  to  service  with  the  Missouri  Pacific  at  Little  Rock  in  September  1919,  and 
was  promoted  to  engineer  water  service  of  that  railroad  on  July  1,  1928. 

Mr.  Wesley  became  a  member  of  the  AREA  in  1927,  and  in  1928  was  appointed  to 
membership  on  Committee  13 — Water  Service,  Fire  Protection  and  Sanitation.  A  keen 
analyst,  he  contributed  valuable  information  and  assistance  to  the  committee  in  its 
study  of  boiler  water  conditioning,  and  related  subjects. 

The  committee  records,  with  profound  sorrow,  the  loss  of  a  most  valued  member, 
and  its  sincere  appreciation  of  the  valuable  contributions  he  made  to  the  work  of  the 
committee. 
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Report  on  Assignment  1 

Revision  of  Manual 

E.  M.  Grime  (chairman,  subcommittee),  \V.  M.  Barr,  C.  W.  Brown,  Jr.,  C.  B.  Bryant, 
A.  W.  Johnson,  H.  F.  King,  H.  L.  McMullin,  R.  H.  Miller,  Theodore  Morris,  H.  E. 
Silcox,  R.  E.  Wachter,  K.  J.  Weir. 

This  year  your  committee  has  completed  a  revision  of  all  the  subject  matter  now 
in  the  Manual  under  the  heading  of  Water  Service,  Fire  Protection  and  Sanitation,  and 
the  changes  recommended  for  adoption  in  1943  are  as  follows: 

Page  13-1 

Under  C.  Source,  make  first  sentence  read: 

Where  water  of  suitable  quality  in  sufficient  quantity  can  be  purchased  at  reason- 
able cost,  it  is  usually  preferable. 

Page  13-2 

First  paragraph.  Omit  the  word  "dug". 

Third  paragraph.  Rewritten  as  follows: 

Deep  wells  that  require  pumping  usually  cost  more  for  maintenance  and  operation 
than  other  sources,  but  their  disadvantages  are  usually  offset  by  the  constant  quality 
and  security  from  pollution  of  the  water  yielded.  They  are  a  frequent  source  of  supply 
where  the  demand  is  relatively  small  and  there  are  also  many  locations  where  reliable 
underground  sources  produce  200  to  1,000  or  more  gal.  per  min.  The  logs  of  drilled 
wells  show  practically  every  type  of  earth  formation  and  in  recent  years  drillers  have 
developed  methods  for  obtaining  large  quantities  of  water  from  fine  sand  formations 
heretofore  considered  impossible  of  development. 

Omit  the  note  referring  to  impounding  reservoirs. 

Under  D,  the  first  line  should  read:  Elevated  tanks  of  wood  or  steel  are  generally 
used  for  service  storage. 

In  the  third  paragraph  omit  the  last  sentence,  leaving  this  paragraph  to  read: 

Sedimentation  basins  are  used  in  a  limited  way  for  water  storage.  Their  use  is 
more  common  in  connection  with  treating  plants  and  pump  station  intakes. 

Page  13-3 

Under  II  Pumping  Plants,  subhead  A  should  read: 

A.  Water  Station  Facilities 

In  the  second  paragraph,  second  line,  the  word  "foundations"  should  be  "founda- 
tion". 

In  the  same  paragraph,  revise  the  sentence  starting  in  the  sixth  line  to  read:  In 
cold  climates  pumphouses  should  be  ceiled  or  insulating  material  used  to  minimize 
danger  from  freezing.  Where  conditions  warrant,  heating  facilit'es  should  be  provided. 

In  the  ninth  line  the  word  "locations"  should  read  "location". 

In  the  last  line,  same  paragraph,  the  sentence  should  read:  Lighting  facilities  should 
be  provided  where  practicable. 

The  fourth  paragraph  should  read: 

It  is  desirable  that  all  buildings  housing  deep  well  pumps  have  a  derrick  of  suitable 
height  erected  over  the  well.  This  frame  should  rest  directly  on  the  building  foundation. 
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Delete  the  fifth,  sixth  and  seventh  paragraphs. 

Under  subhead  B.  Steam  Equipment.  Delete  the  formula  for  E.H.P.  It  is  unneces- 
sary and  applies  also  to  all  other  types  of  pumping  equipment,  and  the  paragraph 
should  read: 

At  points  where  it  is  necessary  to  maintain  a  steam  plant  for  other  purposes,  as  at 
engine  terminals  or  where  track  pans  are  maintained  in  cold  climates,  steam  plants  may 
prove  economical. 

Under  C.  Oil  Engine  Equipment.  Delete  the  material  and  substitute  the  following: 

The  oil  engine  is  the  most  economical  and  practical  type  of  power  where  electricity 
is  not  available  and  may,  in  some  cases,  prove  to  have  advantages  over  electric  operation. 

There  are  two  main  types:  (a)  the  gasoline  engine,  and  (b)  the  Diesel  engine. 
The  approximate  fuel  requirements  to  be  anticipated  at  full  load  per  brake  horsepower- 
hour  are  respectively: 

(a)  0.55  lb.  gasoline 

(b)  0.45  lb.  Diesel  fuel  oil 

Lubricating  oil  will  average  about  one  gallon  per  1,000  horsepower-hours. 

All  gases  from  petroleum  oils  are  highly  explosive  when  mixed  with  the  atmosphere 
and  are  heavier  than  air.  For  this  reason,  care  should  be  used  to  see  that  there  are  no 
depressions  which  may  collect  these  vapors  and  cause  an  explosion.  Oil  engine  houses 
should  be  ventilated  at  the  floor  line  and,  wherever  possible,  the  floor  should  be  above 
the  ground. 

Page  13-4 

D.  Electric  Motor  Equipment.  Under  1.  General. — Change  the  sentence  starting  in 
second  line  to  read:  Where  reliable  electric  current  is  available  at  a  reasonable'  price  it 
is  often  the  part  of  economy  to  replace  steam  or  other  equipment  with  electrically  oper- 
ated pumps,  automatically  controlled.  Make  the  last  sentence  in  this  paragraph  read: 
A  full-time  attendant  is  not  required  for  operation. 

Under  the  same  heading  make  the  second  paragraph  read: 

Remote  control  is  by  means  of  push  button,  float,  or  pressure  switch.  Float  switches 
may  be  used  for  actuating  automatic  starters  on  wayside  tank  service  where  winter  ice 
conditions  are  not  serious.  On  any  automatic  starter  with  two-wire  control  a  low-voltage 
release  is  provided.  Overload  protection  can  also  be  supplied.  Control  equipment  should 
be  placed  within  plain  view  from  the  motor  and  as  close  as  conditions  permit. 

Under  2.  Direct  Current — Revise  the  two  paragraphs  under  this  heading  to  read 
as  follows: 

When  considering  direct  current  motors  and  starters,  the  type  of  pump  must  be 
taken  into  consideration.  For  the  reciprocating  pump,  a  motor  capable  of  considerable 
starting  torque  must  be  used  as  well  as  a  starter  which  will  enable  the  motor  to  develop 
the  required  starting  torque.  This  calls  for  a  compound  wound  motor,  which  will  have 
the  advantage  of  the  shunt  field  to  stabilize  the  speed  with  full  load  or  no  load.  The 
starter  should  be  of  the  time-limit  type  in  order  to  insure  a  proper  start,  even  though 
the  friction  of  the  pistons  or  bearings  is  greater  than  usual. 

For  the  centrifugal  pump,  which  requires  a  light  starting  torque,  a  shunt  motor 
can  be  used  with  either  a  time-limit,  current  or  counter  E.M.F.  limit  type  of  starter. 
The  time-limit  or  counter  E.M.F.  is  best  for  the  smaller  sizes  up  to  10  hp.,  while  the 
current-limit  type  seems  advisable  on  the  larger  sizes. 

Under  3.  Alternating  Current — Revise  the  second  and  third  sentences  of  the  first 
paragraph  to  read; 
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With  reciprocating  or  other  positive  displacement  types  of  pumps  the  use  of  a 
slip-ring  motor  with  the  time-limit  secondary  type  of  starter  is  advisable.  This  rule 
may  not  be  rigidly  followed,  but  if  any  other  type  of  motor  is  used  the  question  of 
starting  torque  must  be  carefully  considered. 

Revise  the  second  paragraph  to  read: 

If  a  squirrel-cage  motor  of  either  the  high  resistance  rotor  type  or  across-the-line 
start  type  is  used,  it  will  develop  more  torque  when  starting  than  while  running,  but 
if  the  motor  is  of  such  size  that  across-the-line  starting  is  objectionable  it  will  be 
necessary  to  provide  either  an  auto-transformer  type  or  a  primary  resistance  starter. 
This  type  of  motor  is  almost  universally  used  for  driving  centrifugal  or  turbine  type 
pumps  since  high  starting  torque  is  not  required. 

Page  13-5 

E.  Relative  Economy  of  Different  Types  of  Plants.  Revise  and  condense  the  four 
paragraphs  under  this  heading  to  read: 

A  comparative  estimate  of  the  cost  of  pumping  water  using  oil,  steam,  or  electric 
power  should  be  made  to  determine  the  most  economical  type.  This  estimate  should 
include  interest  on  the  investment,  depreciation,  taxes,  and  insurance,  as  well  as  all 
direct  charges  for  operation  and  maintenance.  Water  should  be  purchased  whenever  it 
can  be  obtained  at  a  cost  as  low  as  that  of  pumping  with  the  most  economical  type  of 
plant. 

F.  Deep  Well  Equipment.  In  the  fourth  paragraph,  fourth  line,  substitute  the  word 
"about",  in  place  of  "300  feet  to",  and  in  the  sixth  line  omit  the  word  "the"  preceding 
"most  flexible". 

Revise  the  fifth  paragraph  to  read: 

Turbine  pumps  have  become  practically  standard  equipment  for  pumping  from 
deep  wells.  They  ordinarily  consist  of  a  vertical-type,  hollow-shaft,  electric  motor 
mounted  at  the  top  of  the  well  to  drive  the  shaft  which  actuates  the  multi-stage  centri- 
fugal pump  which  is  suspended  in  the  well  below  the  dynamic  water  level.  The  shaft  is 
enclosed  in  a  column  pipe  which  supports  the  pump  and  serves  also  as  the  discharge 
pipe.  Bearings  at  intervals  of  five  to  ten  feet  maintain  alinement  of  the  shaft.  These 
bearings  are  either  oil  or  water  lubricated.  When  oil  lubricated  there  is  an  oil  pipe  sur- 
rounding the  shaft  supplied  from  an  oiler  at  the  floor  level.  With  water  lubrication  the 
oil  pipe  is  omitted  and  rubber  bearings  are  sometimes  used. 

Add  as  paragraph  six: 

With  the  submersible  turbine  pump  the  motor  is  located  directly  below  the  pump 
in  a  case  in  which  the  lubricating  oil  is  permanently  confined.  A  mercury  seal  assures 
water  tightness  and  power  is  transmitted  through  a  waterproof  cable.  This  type  applies 
advantageously  to  the  deeper  wells;  the  pump  and  motor  are  supported  by  the  eduction 
pipe  and  there  is  no  long  shaft  to  maintain.  It  can  also  be  used  to  advantage  in  holes 
which  are  not  perfectly  straight  where  shaft  alinement  would  be  difficult. 

Add  as  paragraph  seven: 

The  Moyno  pump  is  a  positive  displacement  unit  consisting  of  an  alloy  helical 
screw  rotor,  directly  connected  to  a  motor  shaft  which  revolves  in  a  fixed  stator  usu- 
ally constructed  of  hard  rubber.  This  type  is  adaptable  for  relatively  low  delivery  from 
wells  too  small  in  diameter  to  permit  the  use  of  standard  deep  well  equipment  of  the 
turbine  type.  It  is  suitable  for  high  and  low  heads  and  can  be  used  for  exceptionally 
deep  settings. 

At  the  top  of  page  13-6,  revise  the  remaining  two  paragraphs  under  Deep  Well 
Equipment  to  read  as  follows: 
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Air  lift  pumping  from  deep  wells,  although  inefficient,  has  certain  inherent  advan- 
tages, such  as  lack  of  moving  parts  in  the  well  and  simplicity  of  installation.  An  air  pipe 
is  put  into  the  well  with  a  submergence  below  the  pumping  water  level  of  about  50 
percent  (minimum  25  percent;  best  efficiency  70  percent)  of  the  distance  from  the 
bottom  of  the  air  pipe  to  the  point  of  discharge.  The  air  required  varies  inversely  with 
the  submergence  and  directly  with  the  depth,  averaging  about  10  cu.  ft.  of  free  air  per 
min.  per  1,000  gal.  per  foot  of  lift,  which  is  the  distance  from  the  pumping  water  level 
in  the  well  to  the  point  of  discharge.  The  air  pressure  available  must  exceed  the  water 
pressure  resulting  at  the  bottom  of  the  air  pipe  due  to  its  submergence.  For  extremely 
fine  sand  formations  the  air  lift  is  particularly  advantageous.  The  thorough  aeration  of 
the  water  resulting  from  this  method  of  pumping  may  be  an  advantage  in  precipitating 
iron  or  a  disadvantage  in  saturating  the  water  with  oxygen,  depending  on  the  use  and 
treatment  required  for  the  water. 

Page  13-6 

G.  Power  Pumps.  Make  the  second  sentence  in  the  first  paragraph  read:  These 
pumps  may  be  connected  directly  to  the  motor  or  engine  by  a  silent  chain  or  belt  drive, 
or  through  gears,  preferably  using  composition  pinions. 

Delete  the  third  sentence  in  the  first  paragraph. 

H.  Centrifugal  Pumps.  1.  General.  Revise  the  first  paragraph  to  read: 

Centrifugal  pumps  may  be  divided  into  three  general  classes,  turbine,  volute  and 
propeller. 

At  the  end  of  the  fourth  paragraph  add:  This  type  is  usually  specified  where  the 
water  carries  some  sand  and  under  certain  conditions  may  show  as  high  an  efficiency 
as  the  closed  type. 

Add  a  fifth  paragraph  as  follows: 

The  propeller  type  has  a  series  of  guide  vanes  composing  an  impeller  which  revolves 
in  the  eduction  pipe  but  has  no  other  casing.  Head  is  developed  by  the  propelling  or 
lifting  action  of  the  vanes  on  the  liquid.  It  is  essentially  a  low-head,  high-speed  pump 
of  large  capacity  designed  for  operation  with  the  propeller  submerged. 

Page  13-7 

Delete  the  first  paragraph  at  the  top  of  the  page  and  add  the  following: 

Centrifugal  pumps  may  be  of  the  single-stage  or  multi-stage,  single-suction  or 
double-suction,  open  or  enclosed-impeller  type.  With  the  enclosed  impeller  the  clearances 
are  reduced  to  the  minimum  so  that  a  single-stage  pump  may  show  good  efficiency  at 
heads  up  to  300  ft.  or  more.  The  double-suction  design  with  the  impeller  drawing 
water  from  both  sides  is  hydraulically  balanced,  but  slight  variations  in  the  castings 
may  destroy  the  balance  making  it  desirable  to  take  care  of  radial  and  end  thrust  in  a 
bearing  of  the  ball  type. 

Under  the  heading  (a)  Advantages,  omit  the  fourth  item  which  reads:  Skilled  labor 
for  operation  unnecessary. 

Under  2.  Proper  Size  and  Stage  to  be  Used,  in  the  third  paragraph,  second  line,  the 
word  "furnished"  should  read  "obtained". 

Under  (a)  of  this  paragraph  the  sentence  should  read: 

(a)  The  unloading  or  non-over  load  feature  in  which  the  power  is  not  increased 
beyond  motor  capacity  in  case  the  head  is  reduced  below  normal. 

3.  Power  to  be  Used.  Change  the  heading  to  read  "3.  Selection  of  Power". 

Change  the  three  paragraphs  under  this  heading  to  read: 
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The  centrifugal  pump  is  adapted  to  all  types  of  power.  If  direct-connected  to  an 
electric  motor  it  makes  an  excellent  unit  and  will  meet  all  practical  requirements.  Both 
machines  should  be  on  the  same  rigid  base  to  maintain  perfect  alinement. 

Internal  combustion  engines  direct-connected  or  with  belt-drive  are  a  satisfactory 
source  of  power,  and  a  steam  turbine  drive  can  also  be  used. 

Page  13-8 

4.  Change  the  heading  from  "Method  of  Installation"  to  "Installation". 

In  the  first  fine  of  the  second  paragraph  delete  the  words  "with  enclosed  impeller". 
Make  the  second  paragraph  read: 

A  check  valve  and  a  gate  valve  should  be  placed  on  the  discharge  line  near  the 
pump  and  an  automatic  priming  device  may  be  desirable.  A  check  or  foot  valve  is 
required  on  the  suction  line. 

Delete  the  fifth  paragraph. 

1.  Hydraulic  Rams.  In  the  first  paragraph  change  the  first  word  to  read  "Where", 
in  the  second  line  omit  the  words  "and  also",  in  the  third  line  omit  the  word  "unless" 
and  in  the  fifth  line  change  the  word  "cannot"  to  read  "may". 

J.  Pipe  Lines.  Under  1.  Intake  Lines,  in  the  third  line  from  the  bottom  of  the  page 
change  the  first  word  to  read  "must"  instead  of  "should". 

Page  13-9 

2.  Suction  Lines.  In  the  third  paragraph,  second  line,  omit  the  words  "bottom  end 
of  the". 

3.  Discharge  Lines.  In  the  first  paragraph  make  the  second  sentence  read:  "When- 
ever possible,  two  45-deg.  bends  should  be  used  in  place  of  90  deg.",  and  in  the  second 
paragraph,  second  line,  change  "of"  to  "or". 

Revise  the  fourth  paragraph  to  read: 

The  discharge  line  may  be  constructed  of  cast  iron  pipe,  although  under  certain 
conditions,  other  materials  may  prove  as  satisfactory  and  more  economical.  The  use  of 
lead  for  joints  is  usual,  although  under  certain  conditions,  other  materials  may  be  used 
to  advantage. 

Page  13-10 

5.  Service  Lines.  Revise  paragraph   (a)   to  read: 

Service  pipe  materials  may  be  divided  into  two  general  classes:  The  ferrous  mate- 
rials, of  which  genuine  wrought  iron,  wrought  steel  and  cast  iron  are  examples,  and 
the  non-ferrous  materials  represented  by  lead,  copper,  brass  and  asbestos.  The  ferrous 
materials  are  usually  cheaper,  but  the  non-ferrous  materials  are  more  durable  under 
similar  conditions  of  soil  and  water.  Cement-asbestos,  and  steel  or  cast  iron  lined  with 
cement,  or  bituminous  material  are  also  available. 

Revise  paragraph  (c)  to  read: 

Galvanized  wrought  iron  or  steel  pipe  is  suitable  for  service  lines  of  a  semi- 
permanent nature  or  for  pipe  sizes  not  available  in  cast  iron.  Galvanized  pipe  should  not 
be  used  for  treated  water  carrying  caustic  soda  as  this  will  dissolve  the  zinc  coating. 

Revise  paragraph  (d)   to  read: 

(d)  Black  wrought  iron  or  steel  pipe  for  service  lines  is  not  recommended  because 
of  relatively  lower  durability  and  the  tendency  of  the  uncoated  metal  to  rust  and 
discolor  the  water. 

Revise  paragraph  (e)  to  read: 

(e)  Where  service  lines  one  inch  or  less  in  size  are  laid  under  pavements  or  in  other 
locations  where  a  permanent  installation  is  required  the  use  of  copper  pipe  is  suggested, 
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or  brass  pipe  with  85  percent  copper  content,  in  preference  to  lead  pipe.  Such  pipe  is 
cheaper  and  stronger  than  lead,  fully  as  durable,  and  easier  to  install  owing  to  the 
absence  of  the  "wiped"  joint. 

Revise  paragraph  (h)  to  read: 

(h)  A  flexible  type  of  joint  should  be  considered  for  use  in  incompletely  solidified 
fills  or  in  locations  subject  to  vibration  or  movement  where  protective  measures  are  not 
provided,  as  this  class  of  joint  will  adjust  itself  to  considerable  disturbance  without 
leakage. 

Omit  paragraph   (j). 

K.  Water  Meters.  1.  Reading  Meters.  In  the  second  paragraph  at  the  bottom  of 
the  page  delete  the  words  "in  almost  general  use"  and  substitute  "most  commonly 
used". 

Page  13-11 

Replace  the  charts  now  in  the  Manual,  page  13-11  and  13-12,  showing  friction 
losses  through  fittings  and  cast  iron  pipe,  with  the  charts  appearing  in  this  report. 
Insert  the  charts  showing  data  on  flow  through  water  columns  under  various  pipe  con- 
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ditions,  as  appearing  in  the  Proceedings,  Vol.  43,  pages  101,  102,  103  and  104,  including 
the  text  on  page  101  above  the  subhead  "Conclusions",  and  add  the  following: 

Water  Column  Delivery  Charts 

The  location  of  water  columns,  the  size  and  length  of  supply  lines,  together  with 
the  delivery  in  gallons  per  minute  is  an  important  factor  in  providing  water  for  locomo- 
tives at  terminals  and  intermediate  watering  points. 

The  following  diagram  and  graphic  water  column  delivery  charts  may  be  used  as  a 
guide  in  selecting  a  column  and  supply  line  to  provide  the  desired  water  delivery  under 
various  flow  conditions. 
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Page  13-13 

Delete  all  of  2.  General  Instructions,  but  use  "2".  for  the  heading,  Testing  Meters. 
Under  2.  Testing  Meters.  Delete  the  second,  third  and  fourth  paragraphs. 

Page  13-17 

Specifications  for  Laying  Cast  Iron  Pipe.  1.  Material.  Revise  the  second  paragraph 
to  read: 

Specifications  for  cast  iron  pipe  and  special  castings  shall  conform  to  American 
Standards  Association,  Specification  A  21.2-1939,  published  by  the  American  Water 
Works  Association. 

Also  omit  second  reference  indicated  by  asterisk  at  bottom  of  this  page. 

Page  13-27 

Specifications  for  Steel  Substructures  for  Water  Tanks.  Under  2.  Material,  at  the 
end  of  the  paragraph  delete  the  reference  "and  A>-41"  to  Specifications  for  Refined 
Iron  Bars. 

Page  13-32  and  13-33 

Delete  these  two  pages  which  show  details  for  cross  bracing  between  water  tank 
posts  now  considered  obsolete. 

Page  13-39 

Use  of  Treated  Wood  for  Water  Tanks.  Revise  as  follows: 

A  lower  grade  of  lumber  may  be  used  for  tanks,  if  well  treated  and  preframed, 
thus  overcoming  the  increased  scarcity  of  timber  suitable  for  untreated  tanks.  It  is 
advantageous  from  a  maintenance  standpoint  to  have  the  tank,  tower,  frostproof  box, 
etc.,  all  of  creosoted  material,  making  the  entire  structure  equally  resistant  to  decay. 
The  fact  that  only  the  metal  tank  fixtures,  hoops,  lugs,  etc.,  have  to  be  painted  is  also 
an  important  factor  from  a  maintenance  standpoint. 

Before  a  creosoted  tub  has  had  time  to  dry  out,  it  may  be  objectionable  for  use 
where  the  water  stored  is  to  be  used  for  drinking  purposes. 

A  creosoted  tub  does  not  readily  expand  when  filled  with  water  and  for  this  reason 
may  require  very  careful  attention  during  erection  to  obtain  a  tight  job. 

While  no  definite  data  are  available  regarding  the  maximum  life  of  a  creosoted 
tank  and  tower,  there  are  records  of  towers  over  30  years  old  still  in  good  condition 
and  tubs  still  in  service  which  were  constructed  25  years  ago.  This  information  coupled 
with  the  fact  that  creosoted  lumber  has  proved  satisfactory  for  many  other  purposes, 
leads  to  the  conclusion  that  the  creosoted  tub  and  tower  will  last  at  least  as  long  if  not 
longer  than  the  best  untreated  timber  tank. 

Page  13-53 

Zeolite  Method  of  Water  Treatment.  This  matter  has  been  revised  to  bring  it  into 
line  with  most  recent  developments,  as  follows: 

1.  Inorganic  zeolite  is  a  sodium  aluminum  silicate  found  free  in  nature  and  also 
manufactured  synthetically.  It  has  the  peculiar  property  of  exchanging  its  sodium  for 
the  calcium  and  magnesium  when  a  hard  water  is  passed  through  a  bed  of  the  mineral, 
and  of  again  exchanging  these  hardness  ingredients  for  sodium  when  the  zeolite  bed  is 
regenerated  with  sodium  chloride.  In  this  regeneration  process,  the  calcium  and  mag- 
nesium are  washed  out  in  the  form  of  soluble  chlorides.  The  sodium  chloride  (common 
salt)  requirement  is  approximately  y2  lb.  per  grain  of  hardness  per  1,000  gal.  to  soften 
water  to  practically  zero  hardness. 


Water    Service,    Fire    Protection    and    Sanitation 143 

2.  Some  of  the  advantages  of  this  treatment  may  be  stated  as  follows: 

(a)  The  removal  of  hardness  is  practically  complete  and  the  treated  water  will 
not  cause  post  precipitation  of  calcium  or  magnesium  salts  in  pipe  lines  or 
locomotive  injectors. 

(b)  The  waste  product  is  in  solution  and  therefore  readily  disposed  of  in  the 
ordinary  sewer. 

(c)  The  salt  required  for  regeneration  is  easy  to  handle  and  creates  no  objection- 
able dust  such  as  is  produced  in  handling  lime  or  soda  ash,  making  it  possible 
to  locate  this  type  of  plant  in  buildings  used  for  commercial  purposes. 

(d)  Space  being  available,  the  plant  can  be  located  in  an  existing  building  with 
the  minimum  of  changes. 

(e)  The  operation  of  a  zeolite  plant  is  simple  and  there  is  small  likelihood  of 
irregular  results. 

(f)  Waters  low  in  hardness,  under  circumstances  making  softening  desirable,  can 
usually  be  conditioned  at  less  cost  by  zeolite  treatment  than  by  other  methods. 

3.  Some  of  the  disadvantages  of  this  treatment  may  be  stated  as  follows: 

(a)  Waters  to  be  softened  by  this  process  must  be  practically  clear;  at  least  the 
turbidity  should  preferably  be  not  over  20  on  the  Jackson  scale. 

(b)  Waters  containing  iron  and  manganese  in  excess  of  J/4  grain  per  gallon  are 
not  suitable  for  zeolite  softening  without  prior  treatment. 

(c)  Where  the  natural  water  is  high  in  soluble  salts,  zeolite  treatment  may  be 
impracticable  because  the  greater  salt  content  may  increase  the  tendency  for 
foaming. 

(d)  Cases  have  been  noted  where  waters  have  been  made  more  corrosive  by  this 
process. 

4.  Carbonaceous  Zeolites  or  Organic  Cation  Exchangers.  These  will  handle  aggres- 
sive waters  of  adverse  pH  with  no  silica  pickup  and  will  also  take  care  of  waters  having 
high  iron  content.  If  the  bed  becomes  fouled  with  ferric  iron  this  can  be  removed  with 
acid  without  damage  to  the  zeolite.  When  alkalinity  reduction  is  desired  in  waters  of 
low  chloride  and  sulfate  content  it  is  possible  to  use  a  mixture  of  sodium  chloride  and 
sulfuric  acid  for  regeneration,  the  proportion  of  each  depending  upon  the  amount  of 
alkalinity  reduction  desired.  The  effluent  from  this  type  of  softener  must  be  aerated  to 
remove  the  resulting  CO^. 

5.  Anion  Exchangers  or  Synthetic  Acid  Absorbent  Resins.  To  obtain  a  water 
approaching  distilled  water  in  quality  it  is  possible  to  treat  the  water  with  organic  cation 
exchangers  operated  in  the  hydrogen  cycle  and  then  treat  this  water  by  means  of  an 
anion  exchanger  to  replace  the  sulfate,  chloride  and  nitrate  ion  with  OH. 

6.  Zeolite  treatment  occupies  an  important  position  among  the  methods  of  water 
softening  and  should  receive  consideration  before  a  definite  decision  is  reached  regarding 
the  method  of  water  conditioning  to  be  adopted. 

Page  13-66 

Quality  of  Water — Method  of  Treatment.  Revise  as  follows: 

1.  The  location  of  water  stations  and  the  quality  of  water  being  factors  affecting 
operating  efficiency,  an  investigation  of  available  supplies  should  be  made  with  a  view 
to  the  selection  of  the  most  favorable  locations  and  the  best  water  available. 
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2.  Water  usually  contains  scale  forming  matters  in  solution  or  suspension,  causing 
trouble  and  expense  in  the  operation  and  maintenance  of  locomotives. 

3.  Hard  water  can  be  conditioned  by  treatment  with  chemicals. 

4.  The  hardness  of  water  due  to  calcium  and  magnesium  carbonates  can  be  removed 
by  use  of  lime. 

5.  The  hardness  due  to  calcium  sulfate  can  be  removed  by  the  use  of  soda  ash. 
That  due  to  magnesium  sulfate  requires  both  soda  ash  and  lime. 

6.  Other  chemicals  used  in  the  treatment  of  water  include  the  following:  Barium 
salts,  caustic  soda,  ferrous  sulfate,  ferric  salts,  sodium  phosphates,  sodium  aluminate, 
sodium  nitrates,  aluminum  sulfate,  tannins,  lignins,  starches,  dextrines,  and  other  organic 
substances.  The  kind  of  chemicals  required  is  determined  by  the  quality  and  quantity 
of  impurities  in  the  water. 

7.  When  the  use  of  hard  water  is  necessary  a  study  should  be  made  to  determine 
the  best  method  and  the  economical  value  of  treating  it. 

8.  Such  studies  will  determine  whether  a  lime-soda  softening  plant  is  required  or 
if  an  inexpensive  plant  for  internal  treatment  will  serve  the  purpose. 

9.  Water  may  also  be  conditioned  by  synthetic  or  natural  zeolites  and  made  to 
approximate  the  purity  of  distilled  water  by  the  use  of  resinous  ionic  exchange 
absorbents. 

Foaming  and  Priming.  Add  footnote  reading:  *  See  report  on  use  of  anti-foam 
compounds,  Vol.  43,  p.  85. 


Report  on  Assignment  2 

Cause  of  and  Remedy  for  Pitting  and  Corrosion  of  Locomotive 

Boiler  Tubes  and  Sheets,  With  Special  Reference  to 

Status  of  Embrittlement  Investigations 

R.  E.  Coughlan  (chairman,  subcommittee),  R.  C.  Bardwell,  W.  M.  Barr,  R.  W.  Chorley, 
W.  L.  Curtiss,  J.  H.  Davidson,  R.  N.  Foster,  E.  M.  Grime,  R.  L.  Holmes,  C.  R. 
Knowles,  H.  M.  Laudemann,  J.  J.  Laudig,  Ray  McBrian,  R.  H.  Miller,  Theodore 
Morris,  A.  B.  Pierce,  O.  T.  Rees,  R.  W.  Seniff,  R.  M.  Stimmel,  J.  E.  Tiedt,  C.  P. 
Van  Gundy,  J.  B.  Wesley. 

This  is  a  progress  report  submitted  as  information. 

During  the  past  year  your  committee  has  been  continuing  its  contact  with  the  U.  S. 
Bureau  of  Mines  and  with  several  of  the  industrial  laboratories  with  particular  refer- 
ence to  the  use  of  sodium  nitrate  as  an  inhibitor  of  intercrystalline  corrosion.  Members 
of  your  committee  also  participated  in  a  symposium  on  embrittlement  sponsored  by  the 
American  Society  of  Mechanical  Engineers  in  New  York  in  December  1941,  at  which 
papers  were  presented  by  Straub;  Purcell  and  Whirl;  Bardwell  and  Laudemann;  Bird 
and  Johnson;  and  Partridge,  Kaufman  and  Hall.  A  summary  of  the  papers  composing 
this  symposium  was  presented  by  Schroeder  and  Berk. 

The  information  presented,  as  well  as  the  results  from  tests  with  specimens  applied 
to  boilers  in  actual  operation,  indicates  that  sodium  nitrate  when  properly  used  is 
beneficial  for  preventing  intercrystalline  cracking,  and  that  the  practical  influence  of 
sodium  sulfate  for  prevention  of  this  trouble  is  of  a  decidedly  minor  character.  This  is 
strictly  contrary  to  previous  recommendations  in  the  ASME  code  on  this  subject. 

A  summary  of  work  on  this  subject  up  to  the  end  of  1941,  as  sponsored  by  the 
Joint   Committee   on   Boiler   Feedwater   Studies   on  which  your   committee  has   repre- 
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sentatives,  appears  in  U.  S.  Bureau  of  Mines  Bulletin  443  entitled  "Intercrystalline 
Cracking  of  Boiler  Steel  and  Its  Prevention"  by  W.  C.  Schroeder  and  A.  A.  Berk.  Data 
published  in  this  bulletin  also  indicate  that  sodium  sulfate  is  of  little  use  in  preventing 
intercrystalline  corrosion  in  locomotive  boilers,  while  sodium  nitrate  and  some  of  the 
organic  compounds  are  beneficial. 

Owing  to  the  press  of  other  duties  as  well  as  changes  in  personnel  of  the  Bureau 
of  Mines  staff,  it  has  been  possible  to  do  but  little  additional  work  on  this  subject  during 
the  present  year.  Such  work  as  has  been  done,  however,  confirms  previous  data  to  the 
effect  that  sodium  nitrate  is  one  of  the  most  effective  inhibitors  developed  so  far,  it 
being  assumed  that  the  chemical  is  properly  used  and  controlled.  In  the  future  the  bureau 
will  keep  one  man  assigned  to  this  work,  Dr.  Schroeder  will  continue  his  interest  in  it, 
and  test  specimens  for  use  in  detectors  can  still  be  obtained  through  the  bureau  at 
College  Park,  Md. 

Due  to  various  rulings  of  the  War  Production  Board  on  the  conservation  of  critical 
materials  for  war  purposes,  it  seems  advisable  to  investigate  the  various  materials  offered 
as  substitutes  for  alloy  nickel  steel  in  the  manufacture  of  boiler  shell  material,  with 
special  reference  to  carbon  molybdenum  steel.  To  date  tests  of  embrittlement  detectors 
have  been  made  with  but  one  of  the  carbon  molybdenum  steels,  in  comparison  with 
nickel  and  hot-rolled  steels,  using  embrittling  solutions  without  inhibitors.  The  results 
obtained  indicate  that  the  particular  carbon  molybdenum  steel  tested  did  not  offer  any 
more  resistance  to  intercrystalline  corrosion  than  does  the  nickel  steel. 

The  work  of  your  committee  was  supplemented  by  information  regarding  the  heat 
treatment  of  steel  as  a  further  preventive  of  intercrystalline  corrosion,  but  this  study  is 
still  in  the  experimental  stage. 


Report  on  Assignment  3 

Different  Types  of  Detectors  for  Locating  Water  Pipe  Lines 

and  Line  Leaks 

J.  P.  Hanley  (chairman,  subcommittee),  W.  E.  Bickel,  W.  L.  Curtiss,  J.  H.  Davidson, 
C.  H.  Edwards,  P.  W.  Elmore,  C.  K.  Holden,  H.  F.  King,  C.  R.  Knowles,  W.  A. 
McGee,  G.  F.  Metzdorf,  M.  F.  Neuzil,  W.  A.  Radspinner,  H.  M.  Schudlich,  H.  E. 
Silcox,  J.  E.  Tiedt,  R.  E.  Wachter. 

This  is  a  final  report  submitted  as  information. 

Several  general  types  of  equipment  are  used  for  detecting  leaks  and  locating  buried 
water  pipes.  The  pitometer  is  used  extensively  by  the  larger  cities  as  a  measuring  device 
for  detecting  unusual  water  use  in  a  certain  district.  After  the  leaking  area  is  definitely 
located  the  various  leaks  are  traced  to  the  point  of  origin  by  contracting  the  limits  of 
the  survey.  The  surveys  are  usually  made  by  an  engineering  party  and  are  expensive. 

Railways  make  considerable  use  of  regular  and  auxiliary  water  meters  in  the  detec- 
tion of  leaks,  as  the  reading  of  master  meters  in  terminals  at  regular  intervals  affords  a 
ready  means  of  noting  any  unusual  discharge.  Whenever  a  leak  is  thus  indicated, 
auxiliary  meters  are  placed  on  branch  pipes  or  sections  independent  of  the  master  meter, 
and  leaks  are  detected  in  such  sections  by  closing  all  or  nearly  all  outlets  and  observing 
the  meter  registration  during  the  check.  This  method  has  enabled  railways  to  discover 
many  bidden  leaks. 
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The  visible  form  of  detector  operates  by  electric  or  magnetic  means,  the  action 
being  transferred  to  a  dial,  visible  to  the  eye.  It  has  the  advantage  of  not  being  affected 
by  noises  such  as  attend  railway  operation. 

The  audible  detector  operates  through  the  agency  of  electric  or  radio  equipment, 
the  impulses  being  delivered  to  a  single  or  double  ear  piece  resembling  a  telephone 
receiver,  and  the  proximity  of  the  leak  is  indicated  by  sounds  of  varying  intensity  which 
may  be  interpreted  correctly  by  a  properly  trained  operator.  There  is  a  combination 
detector  which  combines  the  audible  ear  phone  and  the  visible  dial  indication. 

Probably  the  best  known  form  of  the  visible  detector  is  the  "dipping  needle"  which 
operates  on  the  magnetic  principle  and  indicates  buried  metal  pipe  and  valves  when  the 
device  is  carried  sufficiently  close  to  them.  The  device  is  constructed  in  several  styles; 
one  with  an  extension  rod  permits  the  searcher  to  walk  upright  with  the  magnet  close 
to  the  ground,  another  style  has  a  shorter  grip  attachment,  while  still  another  has  a 
carrying  case  and  is  borne  slowly  by  the  operator  in  a  stooping  position  over  the  area 
investigated.  This  device  is  used  for  locating  pipes,'  but  will  indicate  the  presence  of  any 
ferrous  metal  within  range. 

The  Water  Phone 

A  simple  form  of  the  audible  detector  is  the  "water  phone"  which  consists  of  a 
single  telephone  ear  piece  with  an  extension  rod  of  varying  length  for  contacting  the 
pipe,  or  for  inserting  in  the  earth  near  the  assumed  location  of  the  buried  pipe.  At 
each  station  the  searcher  listens  for  the  sound  of  running  water  and  moves  from  station 
to  station  until  he  has  established  a  location  where  the  sounds  are  relatively  clearest,  at 
which  point  a  sounding  rod  may  be  inserted  in  the  ground  to  determine  the  actual  posi- 
tion of  the  pipe.  An  improvement  over  the  single  ear  phone  is  the  double  ear  phone  with 
a  clamp  which  fits  over  the  searcher's  head  and  leaves  his  hands  free  to  operate  sound- 
ing rods  or  other  accessories.  This  device  may  be  converted  to  a  "transmit-o-phone" 
and  used  as  a  pipe  line  locator  by  listening  for  sounds  transmitted  from  distant  exposed 
sections  of  the  pipe,  hydrants  or  other  connecting  structures  when  these  are  struck  with 
a  hammer. 

In  addition  to  the  simple  forms  of  detectors  mentioned  there  are  many  more  elab- 
orate sets  on  the  market  at  prices  up  to  several  hundred  dollars.  These  sets  usually 
operate  on  the  radio  principle  with  tubes,  wet  and  dry  batteries,  sound  amplifiers  and 
filters.  The  sets  usually  have  a  vibration  microphone  and  high-gain  amplifier  which  may 
be  attached  to  a  hydrant  or  exposed  part  of  the  water  main.  The  vibrations  induced  by 
leaking  or  running  water  are  greatly  amplified  and  the  sounds  of  varying  intensity  are 
recorded  by  a  sensitive  meter  which  may  be  calibrated  to  impart  visible  dial  indications 
as  well  as  the  sounds  transmitted  by  an  ear  phone  attachment.  The  visible  dial  indica- 
tion is  of  decided  advantage  in  noisy  locations.  The  instrument  may  be  used  as  a  pipe 
locator  by  adding  an  energizer,  which  consists  of  an  induction  coil,  battery,  switch  and 
wiring.  The  device  is  used  to  indicate  pipe  line  centers  when  the  self-induction  in  the 
main  is  too  low.  The  use  of  induction  on  a  particular  pipe  line  permits  it  to  be  followed 
when  other  pipe  lines  are  near  by  on  which  no  induction  is  used. 

Procedure 

In  locating  pipe  lines  or  leaks  the  usual  method  of  operation  is  to  set  the  sensitivity 
control  at  a  certain  constant  and  then  attach  the  microphone  to  a  hydrant,  service  outlet 
or  other  suspected  point.  If  the  audible  or  visible  indicators  show  no  deviation  from  the 
constant,  indicating  that  there  is  no  nearby  leak,  another  listening  station  may  be 
selected.  If  the  indication  shows  leakage,  readings  are  taken  on  each  side  of  the  original 
listening  station,  and  the  leak  or  pipe  line  is  located  by  following  the  higher  readings. 
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When  the  location  of  the  leak  is  definitely  indicated  a  sounding  rod  may  be  inserted  for 
contact  with  the  pipe  or  a  hole  excavated  to  the  pipe.  The  survey  party  should  be  fur- 
nished with  the  best  available  map  or  diagram  of  the  piping  system  in  the  vicinity  and 
should  organize  an  orderly  search,  marking  each  area  or  section  surveyed  as  the  work 
progresses. 

Instructions  issued  by  the  detector  manufacturers  should  enable  a  trained  searcher 
to  determine  the  depths  of  pipe  lines  and  locate  leaks,  buried  pipe  lines,  dead  ends, 
branch  mains,  valves  and  unknown  metal  hazards  in  the  path  of  excavators.  The  word 
"trained"  searcher,  however,  should  be  decidedly  emphasized  as  an  untrained  man  not 
familiar  with  the  varying  sound  intensities,  the  equipment,  or  the  general  principles 
involved  will  accomplish  very  little,  and  the  results  from  the  use  of  the  costly  sensitive 
device  in  such  hands  will  be  disappointing. 

In  searching  for  leaks  it  should  be  understood  that  sound  vibrations  are  transmitted 
better  when  both  the  receiver  and  the  transmitter  have  metallic  connections  with  the 
pipe.  A  fire  hydrant  or  service  box  affords  a  convenient  connection  for  the  receiver  con- 
tact but  in  the  process  of  detection,  it  is  necessary  to  move  the  transmitter  ahead  30  or 
40  ft.  over  the  assumed  location  of  the  pipe  for  each  "listen-in"  until  the  proximity  of 
the  pipe  line  or  leak  is  indicated  by  a  perceptible  increase  in  the  volume  of  the  signals. 
The  presence  of  a  pavement  over  a  leak  is  a  definite  aid  in  detection  as  the  pavement 
acts  as  a  sounding  board.  On  the  other  hand  a  plain  earth  cover,  being  a  poor  sound 
conductor,  does  not  react  as  well.  The  pipe  itself  is  the  best  sound  conductor  if  it  can 
be  reached  with  a  sounding  rod  on  which  the  transmitter  can  be  placed. 

Many  industries,  utility  companies  and  municipal  water  departments  use  leak  de- 
tectors to  good  advantage,  and  if  detector  sets  are  selected  with  care  after  an  investiga- 
tion to  determine  the  type  best  suited  for  the  requirements,  they  will  prove  of  value  in 
preventing  water  waste.  In  order  to  secure  good  results  on  railways  it  has  been  found 
necessary  to  train  a  selected  number  of  the  personnel  in  the  proper  use  of  the  equip- 
ment. There  are  several  reputable  manufacturers  who  sell  and  service  appliances  and 
are  willing  to  give  instruction  in  their  use.  Some  of  the  firms  also  make  surveys  of 
underground  pipe  systems  with  the  detectors  and  are  willing  to  train  the  purchaser's 
employees  while  making  the  survey. 

Conclusions 

1.  The  simpler  forms  of  leak  and  pipe  line  locators,  such  as  the  magnetic  needle  and 
ear  phone,  are  widely  used  and  have  proved  useful  to  railway  water  service  men.  These 
devices  are  light  and  can  be  carried  readily  by  the  maintainer. 

2.  The  more  costly  detector  sets  of  the  radio  type  are  not  used  extensively  by  rail- 
ways, and  the  results  secured  from  them  have  hot  been  generally  satisfactory.  However, 
this  may  have  been  due  largely  to  insufficient  training  of  the  operators  or  failure  to 
select  the  most  suitable  equipment. 

3.  The  detectors  are  considered  necessary  equipment  by  many  industrial  plants  and 
municipal  water  departments,  and  purchases  by  railways  should  be  contingent  on  a  care- 
ful investigation  for  the  determination  of  the  type  best  suited  to  the  requirements. 
Arrangements  should  be  made  at  the  time  of  purchase  for  the  instruction  of  the  railway 
maintainers  in  the  effective  use  of  the  equipment. 
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Report   on  Assignment  4 

Progress  Being  Made  by  Federal  or  State  Authorities  on 
Regulations  Pertaining  to  Railway  Sanitation 

Collaborating  with  Joint  Committee  on  Railway  Sanitation,  AAR 

H.  W.  Van  Hovenberg  (chairman,  subcommittee),  R.  C.  Bardwell,  W.  E.  Bickel,  C.  B. 
Bryant,  R.  E.  Coughlan,  J.  H.  Davidson,  J.  P.  Hanley,  A.  W.  Johnson,  C.  R. 
Knowles,  O.  E.  Mace,  W.  A.  McGee,  G.  F.  Metzdorf,  E.  R.  Morris,  M.  F.  Neuzil, 
A.  B.  Pierce,  W.  A.  Radspinner,  O.  T.  Rees,  H.  E.  Silcox,  C.  P.  Van  Gundy,  R.  E. 
Wachter,  K.  J.  Weir. 

This  is  a  progress  report  submitted  as  information. 

The  activities  in  connection  with  regulations  pertaining  to  railway  sanitation  during 
the  past  year  were  concerned  primarily  with  three  subjects:  (1)  Specifications  covering 
drinking  water  fountains,  (2)  revision  of  federal  standards  for  drinking  water,  and 
(3)  sanitation  manual  for  land  and  air  conveyances  operating  in  interstate  traffic. 

1.  Drinking  Water  Fountains 

Under  date  of  January  14,  1942,  the  American  Standards  Association,  of  which  the 
Association  of  American  Railroads  is  a  member,  approved  and  published  revised  Speci- 
fications for  Drinking  Fountains,  Z4.2-1942,  which  were  sponsored  by  the  U.  S.  Public 
Health  Service.  Your  association  was  represented  on  the  subcommittee  assigned  to  this 
subject  by  R.  C.  Bardwell,  and  no  objection  was  registered  to  the  standard,  which  reads 
as  follows: 

Specifications  for  Drinking  Fountains,  Z4.2-1942 

1.  The  fountain  should  be  constructed  of  impervious  material,  such  as  vitreous  china, 
porcelain,  enameled  cast  iron,  stoneware,  or  other  materials. 

2.  The  jet  of  the  fountain  should  issue  from  a  nozzle  of  non-oxidizing,  impervious 
material  set  at  an  angle  from  the  vertical  such  as  to  prevent  the  return  of  water  in  the 
jet  to  the  orifice  or  orifices  from  whence  the  jet  issues.  The  nozzle  and  every  other 
opening  in  the  water  pipe  or  conductor  leading  to  the  nozzle  should  be  above  the  edge 
of  the  bowl,  so  that  such  nozzle  or  opening  will  not  be  flooded  in  case  a  drain  from  the 
bowl  of  the  fountain  becomes  clogged. 

3.  The  end  of  the  nozzle  should  be  protected  by  non-oxidizing  guards  to  prevent 
the  mouths  and  noses  of  persons  using  the  fountain  from  coming  into  contact  with  the 
nozzle.  Guards  should  be  so  designed  that  the  possibility  of  transmission  of  infection 
by  touching  the  guard  is  reduced  to  a  minimum. 

4.  The  inclined  jet  of  water  issuing  from  the  nozzle  should  not  touch  the  guard, 
and  thereby  cause  splattering. 

5.  The  bowl  of  the  fountain  should  be  so  designed  and  proportioned  as  to  be  free 
from  corners  which  would  be  difficult  to  clean  or  which  would  collect  dirt. 

6.  The  bowl  should  be  so  proportioned  as  to  prevent  unnecessary  splashing  at  a 
point  where  the  jet  falls  into  the  bowl. 

7.  The  drain  from  the  fountain  should  not  have  a  direct  physical  connection  with 
a  waste  pipe,  unless  the  drain  is  trapped. 

8.  The  water  supply  pipe  should  be  provided  with  an  adjustable  valve  fitted  with 
a  loose  key  or  an  automatic  valve  permitting  the  regulation  of  the  rate  of  flow  of  water 
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to  the  fountain  so  that  the  valve  manipulated  by  the  users  of  the  fountain  will  merely 
turn  the  water  on  or  off. 

9.  The  height  of  the  fountain  at  the  drinking  level  should  be  such  as  to  be  most 
convenient  to  persons  utilizing  the  fountain.  The  provision  of  several  step-like  eleva- 
tions to  the  floor  at  fountains  will  permit  children  of  various  ages  to  utilize  the  fountain. 

10.  The  waste  opening  and  pipe  should  be  of  sufficient  size  to  carry  off  the  water 
promptly.  The  opening  should  be  provided  with  a  strainer. 

These  specifications  are  of  interest  to  railroads,  as  facilities  of  this  type  used  by 
carriers  engaged  in  interstate  traffic  will  be  required  to  meet  them  by  the  new  Sanitation 
Manual  of  the  Public  Health  Service. 

2.  Drinking  Water  Standards 

The  original  standard  for  drinking  and  culinary  water  supplied  by  common  carriers 
in  interstate  traffic  under  the  interstate  quarantine  law,  was  adopted  October  21,  1914. 
This  was  superseded  by  a  revision  adopted  June  20,  1925,  which  has  been  generally 
accepted  as  a  suitable  standard  for  good  drinking  and  culinary  water  by  municipalities 
as  well  as  compulsory  for  interstate  carriers.  In  December  1940,  the  AAR  was  advised 
by  the  Public  Health  Service  that  it  was  arranging  to  have  these  standards  reviewed 
by  a  committee  of  scientists  and  effect  such  modifications  as  may  be  deemed  advisable 
to  bring  them  into  conformity  with  current  requirements  for  safe  drinking  water.  Mr. 
Bardwell  was  appointed  to  represent  the  AAR  on  this  committee  with  representatives 
from  interested  technical  societies  and  the  Public  Health  Service. 

The  committee  held  several  meetings  with  the  Public  Health  Service  officers  in 
Washington  to  discuss  their  suggestions  and  the  subject  was  also  given  consideration  by 
your  committee,  as  well  as  by  the  American  Chemical  Society,  the  American  Public 
Health  Association,  the  American  Water  Works  Association,  and  the  Conference  of  State 
Sanitary  Engineers,  all  of  which  societies  have  members  actively  interested  in  any 
changes  in  such  standards. 

The  final  draft  of  the  revision  was  approved  by  the  Public  Health  Service  in  July 
1942,  and  submitted  to  the  Federal  Security  Agency  for  promulgation.  The  new  stand- 
ards are  of  more  concern  to  municipalities  than  to  the  railroads '  because  at  the  large 
majority  of  points  where  water  is  taken  for  drinking  purposes  in  railroad  service,  it  is 
obtained  from  city  supplies  which  must  conform  to  the  new  standards  in  order  to 
receive  a  certificate  of  approval  as  required  by  the  interstate  quarantine  regulations. 

The  principal  changes  adopted  are:  • 

1.  A  distinct  separation  is  made  of  the  standard  which  must  be  met  to  obtain 
approval  and  certification  of  a  water  supply,  and  that  part  of  the  text  which  is  a 
recommended  manual  of  water  practice  and  represents  the  views  of  the  Public  Health 
Service  to  serve  as  a  guide  to  the  certifying  agency. 

2.  In  the  bacteriological  section,  the  use  of  five  10  ml.  portions  or  of  five  100  ml. 
portions  for  examination  is  made  optional  but  there  was  practically  no  change  in  the 
permissible  limit  of  coliform  bacteria.  A  minimum  number  of  samples  are  to  be  exam- 
ined monthly  depending  on  the  population  served,  and  the  laboratories  and  methods 
used  must  be  approved  by  the  surgeon  general  of  the  Public  Health  Service.  These  tests 
are  generally  made  by  the  respective  state  health  department  laboratories  so  that  the 
increased  work  required  will  not  directly  affect  the  present  railway  organization. 

3.  Concentration  limits  of  lead  (0.1  ppm.),  of  fluoride  (1.0  ppm.),  arsenic  (0.02 
ppm.)  and  selenium  (0.05  ppm.)  are  included  as  part  of  the  standard  and  their  presence 
in  excess  of  these  limits  constitutes  ground  for  rejection  of  the  supply.  These  elements 
are  seldom  found  in  drinking  water  supplies  in  appreciable  amounts,  but  the  low  limit 
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set  for  lead  may  result  in  the  discontinuance  of  this  material  for  service  lines  due  to  its 
partial  solubility  in  low  hardness  water.  Where  other  more  suitable  supplies  are  avail- 
able, limits  in  concentration  which  should  not  be  exceeded  are  given  for  copper  (3.0 
ppm.),  iron  and  manganese  together  (0.3  ppm.),  magnesium  (125  ppm.),  zinc  (IS  ppm.), 
chloride  (2S0  ppm.),  sulfate  (250  ppm.),  phenolic  compounds  (0.001  ppm.),  total  solids 
(1,000  ppm.)  and  in  lime-soda  softened  waters  the  alkalinity  should  not  exceed  the 
hardness  by  more  than  35  ppm.  The  former  prohibition  of  caustic  alkalinity  is  elim- 
inated and  chemically  treated  waters  will  be  approved  in  which  the  phenolphthalien 
alkalinity  (calculated  as  CaCOa)  is  not  greater  than  15  ppm.  plus  0.4  times  the  total 
alkalinity  which  will  permit  the  authorization  of  the  certification  of  many  lime-soda 
treated  waters  for  drinking  purposes. 

4.  The  standard  requires  the  water  supply  system  in  all  its  parts  to  be  free  from 
sanitary  defects  and  health  hazards  and  shall  be  maintained  at  all  times  in  a  proper 
sanitary  condition  which  prohibits  faulty  plumbing  practices,  cross-connections,  inter- 
connections, and  any  source  of  possible  contamination  in  the  distribution  system. 

The  committee  report  concludes  with  a  statement,  "However,  it  is  realized  that  the 
statement  of  an  official  standard  of  drinking  water  quality,  to  be  generally  applicable, 
must  be  interpreted  reasonably". 

3.  Sanitation  Manual  for  Land  and  Air 
Conveyances  Operating  in  Interstate  Traffic 

At  the  conference  of  state  and  provincial  health  authorities  of  North  America,  held 
in  Washington,  D.  C,  in  May  1941,  the  attention  of  the  Public  Health  Service  was 
called  to  the  fact  that  in  supplying  drinking  water  to  cars  of  railroad  passenger  trains 
certain  practices  were  being  followed  which  were  not  considered  sanitary  nor  satisfactory, 
and  the  recommendation  was  made  that  corrective  measures  should  be  instituted  as 
necessary  to  protect  the  traveling  public.  It  was  reported  that  the  recommendations  of 
the  Joint  Committee  on  Railway  Sanitation  as  published  in  Circulars  M&S  133  (Novem- 
ber 24,  1931)  and  194  (August  2,  1937)  were  not  being  followed  at  many  points  and 
that  a  separate  code  on  railway  sanitation  was  required  which  would  be  subject  to 
enforcement  by  the  Public  Health  Service. 

Such  a  code  was  prepared  by  a  committee  of  officers  from  the  Public  Health  Service 
and  referred  to  the  state  sanitary  engineers  for  comment.  A  request  was  made  by  the 
Joint  Committee  for  a  conference  on  the  proposed  regulations  and  this  was  held  in 
Washington  on  February  3,  1942.  At  that  meeting,  notice  was  given  that  the  name  of 
the  proposed  publication  would  be  changed  to  "Sanitation  Manual  for  Land  and  Air 
Conveyances  Operating  in  Interstate  Traffic",  and  a  number  of  suggested  revisions  were 
considered  favorably.  Copies  of  the  proposed  manual  as  revised  were  then  furnished  to 
the  chief  operating  officers  of  all  Class  I  railroads  with  a  request  for  suggestions  and 
recommendations.  Further  suggested  revisions  were  submitted  to  the  Public  Health 
Service  officers  by  the  Joint  Committee  at  a  meeting  in  Washington  on  June  2,  1942, 
which  was  also  attended  by  representatives  from  the  air  lines  and  the  bus  lines.  Atten- 
tion was  called  to  the  impracticability  of  a  number  of  the  proposed  provisions,  particu- 
larly under  the  present  adverse  conditions.  Further  changes  were  made  and  other  recom- 
mendations were  disregarded.  The  last  revisions  were  completed  in  June  1942  by  the 
Public  Health  Service  with  the  understanding  that  the  manual  would  be  published 
without  further  discussion. 

This  manual  is  to  be  issued  by  the  Federal  Security  Agency,  U.S.  Public  Health 
Service,  and  the  foreword  contains  a  statement  reading  in  part  as  follows: 
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This  manual  is  designed  to  provide  public  health  agencies  and  carriers  with  the 
necessary  information  upon  which  to  base  their  procedures.  It  is  requisite  that 
each  facility  or  procedure  coming  under  consideration  should  be  carefully  exam- 
ined with  reference  to  its  adequacy.  The  scope  of  such  examination  and  applica- 
tion will  vary  according  to  the  circumstances  incident  to  the  current  war  emer- 
gency existing  in  each  individual  case  and  cannot  be  fully  specified.  In  general 
the  facilities  and  procedures  should,  however,  be  in  accordance  with  this  sani- 
tation manual. 

The  AAR  has  been  assured  by  the  officials  of  the  Public  Health  Service  that  its 
interpretation  of  the  reference  "circumstances  incident  to  the  current  war  emergency" 
means  that  the  changes  that  may  be  called  for  in  the  code  and  which  would  require 
material  difficult,  if  not  impossible  to  obtain,  will  be  held  in  abeyance,  meets  with 
their  accord.  However,  there  are  a  number  of  changes  that  may  be  required  by  this 
manual  which  may  result  in  a  serious  burden  to  many  railroads  and  possibly  interfere 
with  the  handling  of  trains. 

The  features  in  this  manual  coming  under  the  jurisdiction  of  the  engineering  and 
maintenance  departments  are  Section  I,  Sources  of  Water,  which  must  be  approved  and 
certified  by  the  surgeon  general,  Public  Health  Service;  Section  II,  Item  1,  Hydrants; 
Section  III,  Item  3,  Impure  Water  Supplies;  and  Item  4,  Platforms  at  Servicing  Areas, 
the  balance  referring  to  work  and  facilities  usually  handled  by  the  mechanical  and 
operating  departments. 

The  latest  revision  on  hydrants  called  for  the  following  for  satisfactory  compliance: 

1.  Hydrants  are  any  one  of  the  following: 

(a)  Overhead  crane-type  hydrants  or  "above  the  ground"  water  faucets  with 
outlets  sufficiently  elevated  to  prevent  their  exposure  to  toilet  waste  discharges 
from  conveyances  or  to  other  sources  of  contamination. 

(b)  Post  hydrants  or  elevated  faucets,  with  outlets  at  elevations  above  the 
point  of  discharge  of  toilet  waste  hoppers  of  conveyances  and  not  exposed  to 
other  sources  of  contamination. 

(c)  Hydrants  located  not  less  than  six  feet  from  the  center  line  of  the  nearest 
track  positively  protected  against  contamination  by  a  suitable  housing  or  hood 
and  with  the  point  of  discharge  at  sufficient  height  above  the  ground  or  plat- 
form so  as  to  be  free  from  contamination  by  ordinary  surface  drainage. 
Housing  or  hood  as  referred  to  above  may  be  interpreted  to  include  the  type 
of  housing  used  in  existing  depressed  hydrant  installations,  providing  covers 
are  of  the  overlapping  type.  In  new  track  installations  this  type  of  hydrant 
shall  be  located  not  less  than  seven  feet  from  the  center  line  of  the  nearest 
track. 

2.  Hydrants   whether    of   types    (a),    (b),    or    (c)    embody    certain   essentials   to 
permit  of  satisfactory  operation  and  to  prevent  contamination,  such  as: 

(a)  Substantial  and  simple  construction  permitting  quick  opening  of  the  valve, 
ready  repairs  and  maintenance  in  a  clean  condition. 

(b)  The  provision  of  outlets  of  ample  size  to  furnish  an  adequate  quantity  of 
water  and  equipped  with  a  type  of  coupling  permitting  quick  attachment  or 
removal  of  the  hose. 

(c)  Adequate  facilities  for  the  removal  of  waste  water.  In  the  case  of  frost- 
proof hydrants  provided  with  weep  holes,  such  drainage  must  be  provided  as 
to  prevent  surface  or  waste  water  from  rising  to  the  weep  hole  elevation. 
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(d)  Location  to  minimize  the  possibility  of  accidents  and  contamination. 

(e)  Post  hydrants  terminating  in  downward  bends  or  goosenecks. 

3.  Hydrants  used  for  supplying  drinking  and  culinary  water  to  conveyances  are 
not  located  in  areas  or  places  where  there  are  other  water  supply  facilities 
furnishing  water  of  unsafe,  doubtful,  or  unknown  sanitary  quality,  and 
hydrants  located  in  toilet  rooms,  washrooms,  or  similar  places,  where  danger 
of  contamination  may  exist  or  develop,  are  not  used  for  watering  purposes. 

From  the  information  available  to  your  committee,  there  have  been  comparatively 
few  drinking  water  hydrants  of  the  types  designated  as  (a)  or  (b)  installed  in  railroad 
service  and  these  have  been  for  experimental  purposes  only.  The  large  majority  of  rail- 
road installations  come  under  type  (c)  and  in  some  cases  changes  will  be  required  to 
comply  with  the  specification  as  outlined. 

The  last  revision  of  Section  III,  Item  3,  Impure  Water  Supplies,  states  that  "water 
of  unsafe,  doubtful,  or  unknown  sanitary  quality  shall  not  be  permitted  for  drinking 
or  culinary  purposes  in  any  coach  yard,  station,  bus  terminal,  airplane  field,  hangar,  or 
room  where  land  or  air  conveyances  are  serviced  or  maintained."  This  is  further  ampli- 
fied, however,  by  the  following: 

However,  where  an  existing  impure  water  supply  is  used  for  cleaning,  boiler  feed, 
or  fire  purposes,  there  must  be  no  physical  connection  with  the  drinking  water 
system  and  the  outlets  from  the  polluted  supply  shall  be  so  located  that  there 
will  be  little  danger  of  its  accidental  use  for  domestic  purposes.  The  outlets  shall 
be  differentiated  distinctly  from  drinking  water  hydrants,  provided  with  fittings 
unsuited  for  drinking  water  hose  connections,  and  posted  with  permanent  signs 
warning  that  the  water  is  "Unfit  to  drink".  Under  no  circumstances  shall  the 
impure  supply  have  outlets  or  connections  adjacent  to  drinking  water  hydrants. 

The  latest  revision  of  Item  4,  Platforms  at  Servicing  Areas,  states: 

Places  or  areas  where  land  or  air  conveyances  are  serviced  or  handled  including 
the  furnishing  of  water  and  food  supplies,  should  have  satisfactory  adequately 
drained  platforms  or  ground  surfaces  of  impervious  or  hard  packed  materials 
kept  in  good  repair  and  in  a  clean  condition. 

Satisfactory  compliance  with  this  item  is  considered  fulfilled  when: 

1.  Platforms  are  available  to  all  tracks  of  permanent  railway  coach  yards,  at  bus 
garages  and  terminals,  at  airplane  fields  and  hangars,  and  similar  places  and 
preferably  are  constructed  of  concrete  or  other  impervious  or  hard  surface 
materials,  and  maintained  in  a  clean  condition. 

2.  Drainage  facilities  are  adequate  to  carry  off  all  wash  or  surface  waters. 

3.  Suitable  protection  against  rodents  is  provided. 

Another  feature  which  may  be  of  much  concern  to  the  engineering  departments  is 
Item  5,  Excreta  Disposal  at  Terminals  and  Yards,  which  reads  as  follows: 

In  places  or  areas  where  land  or  air  conveyances  are  serviced,  maintained,  cleaned 
or  occupied  by  passengers  at  a  terminal  or  yard,  operations  shall  be  so  conducted 
as  to  avoid  fecal  contamination  of  these  areas. 

It  is  believed  that  the  ultimate  solution  of  this  problem  will  be  the  discharge  of 
all  fecal  wastes  from  the  conveyance  to  a  tank  or  tanks  under  the  body  of  the 


Water    Service,    Fire    Protection    and    Sanitation 153 

conveyance  and  the  disposal  of  these  wastes  from  such  tanks  to  sewer  system 
inlets  in  a  sanitary  manner.  While  there  are  many  difficulties  and  technical  prob- 
lems involved  in  the  development  of  such  procedures,  the  carriers  and  other 
agencies  concerned  should  endeavor  to  work  for  this  goal  by  experimental  in- 
stallations and  an  engineering  study  of  the  problem. 

Until  developments  along  this  line  of  study  provide  practical  methods  of  han- 
dling conveyance  wastes,  acceptable  practices  will  be:  (1)  the  use  of  water  tight 
flexible  connections  between  toilet  hoppers  and  sewers,  (2)  use  of  paved  parking 
areas  with  adequate  drains  to  sewers  together  with  flushing  of  the  wastes  in  the 
areas  to  these  drains  prior  to  watering  the  coaches,  (3)  adequate  policing  to  pre- 
vent use  of  toilets  when  the  land  conveyance  is  in  the  terminal  or  yard  together 
with  the  use  of  soil  cans  set  in  toilet  hopper  or  attached  to  toilet  hopper  outlets 
during  cleaning  and  flushing  operations.  Adequate  equipment  for  the  cleaning  of 
soil  cans  and  the  disposal  of  their  contents  in  a  sanitary  manner  shall  be  provided. 
The  water  system  must  be  protected  against  contamination  during  the  soil  can 
cleaning  operation. 

It  has  been  the  observation  of  the  committee  that  the  practice  at  but  very  few 
coach  yards  and  terminals  in  this  country  meets  these  requirements  at  present  and  the 
enforcement  may  result  in  serious  delays  as  well  as  hazards,  especially  in  coach  yards 
handling  modern  roomette  cars  with  as  many  as  18  hopper  openings  inconveniently 
located  for  soil  can  attachment.  The  complete  paving  of  large  coach  yards  together  with 
special  drainage  facilities  will  involve  a  considerable  expense.  A  subcommittee  of  the 
Joint  Committee  has  been  appointed  to  initiate  a  study  of  means  for  complying  with 
the  suggestion  that  all  cars  be  equipped  with  detention  tanks  for  holding  wastes  until 
they  can  be  disposed  of  at  terminals,  but  this  is  indicated  as  an  intricate  problem  which 
will  involve  considerable  time  and  experimentation. 

Other  factors  covered  in  the  manual  pertain  to  water  hose,  water  buckets,  handling 
of  ice,  waste  disposal,  water  cooler  cleaning  equipment,  filter  cleaning  equipment, 
handling  of  food  and  drink  supplies,  cleaning  of  conveyances,  sanitary  facilities  for 
employees,  cleanliness  of  employees,  freedom  of  employees  from  communicable  disease, 
sanitary  conditions  of  conveyances  including  toilet  and  lavatory  facilities,  waste  dis- 
posal, cleanliness  and  ventilation,  water  supply  facilities  of  conveyances  including  design 
of  system,  coolers,  filters,  and  sterilization  of  constant  temperature  bottles,  dining  space 
facilities  including  design,  cleaning  and  sterilization  of  dishes,  and  compliance  with  the 
code  regulating  eating  and  drinking  establishments,  and  food  and  its  handling,  and  the 
prohibition  of  the  use  of  dining  car  space  for  sleeping  quarters. 


Report  on  Assignment  5 

The  Principal  Current  Activities  of  the  Fire  Protection  and 
Insurance  Section,  AAR 

W.  A.  Radspinner  (chairman,  subcommittee),  H.  F.  King,  G.  F.  Metzdorf. 

This  is  a  progress  report  presented  as  information. 

The  1942  annual  meeting  of  the  Fire  Protection  and  Insurance  Section  was  canceled. 
However,  meetings  of  the  eastern  regional  members  and  of  the  Committee  of  Direction 
continue  in  order  to  discuss  current  hazards  involving  war  materials,  both  in  transpor- 
tation and  storage. 
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Fire  protection  is  now  receiving  more  attention  than  ever  before.  While  the  rail- 
roads, through  their  fire  protection  and  insurance  organizations,  have  made  progress  in 
their  educational  work,  the  war  has  brought  out  new  hazards  for  inexperienced  men 
which  require  study. 

The  National  Fire  Protection  Association,  the  National  Board  of  Fire  Underwriters, 
the  Fire  Protection  and  Insurance  Section,  AAR,  and  Committee  13  have  set  up  peace- 
time standards  for  fire  protection  for  the  railroads  and  manufacturers.  These  are  now 
being  utilized  by  the  government  in  its  drive  for  production,  which  includes  storage  of 
raw  materials  and  the  finished  products  as  well  as  the  manufacturing  processes.  In  some 
cases,  due  to  a  shortage  of  critical  materials,  these  specifications,  such  as  cover  fire  hose, 
have  been  modified  for  the  duration  of  the  war. 

Fires  caused  by  carelessness  can  be  prevented  by  proper  supervision.  Careful  selec- 
tion of  personnel  will  also  help.  The  fact  that  the  act  of  one  guard  who  was  not  prop- 
erly trained  was  responsible  for  the  loss  of  one-tenth  of  the  raw  rubber  storage  of  the 
United  States  demonstrates  the  importance  of  a  well-trained  fire  protection  organization 
to  guard  property. 

The  FP&I  section  has  for  some  time  been  working  on  the  revision  of  its  Hand 
Book,  and  was  ready  to  print  it  when  the  war,  with  its  incendiary  bombs  with  other 
hazardous  materials  initiated  so  many  new  hazards  that  the  writing  of  one  book  to 
cover  them  all  would  be  a  difficult  task. 

The  method  of  fighting  the  electron  bomb  has  been  under  controversy  for  some 
time,  and  has  been  the  subject  of  several  contradictory  pamphlets.  For  that  reason,  the 
Office  of  Civilian  Defense  has  conducted  schools  of  fire  protection  education  and  has 
issued  small  pamphlets  to  cover  each  subject.  The  NFPA  has  issued  many  pamphlets 
for  training  auxiliary  firemen,  all  of  which  have  been  designed  for  war-time  use. 

Therefore,  it  is  the  recommendation  of  this  committee  that  the  fire  protection  engi- 
neers of  the  railways  secure  copies  of  the  following  publications  which  are  up  to  date, 
and  available  at  a  very  small  price  at  the  OCD  headquarters  in  various  cities,  and  from 
the  NFPA,  60  Batterymarch  street,  Boston,  Mass. 

A  Fire  Department  Manual — Hose  and  Ladder  Work   (NFPA) 
Employee  Organization  for  Fire  Safety   (NFPA) 
Handbook  for  Auxiliary  Firemen   (OCD) 
Handbook  for  Fire  Watchers  (OCD) 
Manual  for  Auxiliary  Firemen  (NFPA) 

The  Bureau  of  Explosives  has  continued  to  supervise  the  use  of  flammable  liquids 
such  as  gasoline,  as  a  fuel  on  troop  trains,  and  the  use  of  liquefied  petroleum  gas 
(bottled  gas)  for  air  conditioning  and  domestic  use.  The  Quartermaster's  department  of 
the  Army  has  also  introduced  fire  safety  in  its  schools  of  instruction,  so  that  fire  pro- 
tection as  a  science  is  now  receiving  considerable  attention. 

With  the  exception  of  those  due  to  train  accidents,  the  railroads'  fire  losses  have 
been  gradually  reduced  during  the  last  ten  years.  Now,  with  the  scarcity  of  materials, 
it  is  very  important  that  such  losses  be  kept  at  a  minimum.  However,  the  report  of  the 
FP&I  Section's  Committee  on  Records  and  Statistics  showed  that  this  objective  was  not 
attained  during  1941.  Thus  the  average  loss  per  year  for  the  9  years,  1932  to  1940, 
inclusive,  was  $3,856,380,  but  during  1941  the  loss  amounted  to  $7,457,758,  an  increase 
of  93  percent  over  the  average.  During  these  9  years  there  was  a  total  of  5  fires  involv- 
ing losses  of  $250,000  each  or  more,  but  there  were  5  such  fires  during  1941  alone.  On 
the  other  hand,  the  total  number  of  fires  during   1941   was  considerably  less  than  the 
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average  of  the  previous  9  years.  The  report  showed  that  the  average  loss  per  fire  for 
1941  ($1,605)  was  a  record  high,  and  that  the  average  number  of  fires  per  mile  of  road 
(0.017)  was  a  record  low.  This  would  indicate  that  the  fire  losses  are  occurring  in  large 
units. 

It  is  the  economical  as  well  as  the  patriotic  duty  of  all  railroad  men  to  be  on  the 
alert  to  fire  hazards  and  to  do  their  best  to  eliminate  them. 


Report  on  Assignment  7 

Specifications  for  Welded  Steel  Tanks  for  Water  Service 

Collaborating  with  Committee  15 — Iron  and  Steel  Structures  and  the 
American  Welding  Society 

A.  W.  Johnson  (chairman,  subcommittee),  R.  C.  Bardwell,  W.  E.  Bickel,  C.  B.  Brvant, 
W.  L.  Curtiss,  P.  VV.  Elmore,  J.  P.  Hanley,  C.  K.  Holden,  H.  F.  King,  J.  J.  Laudig, 
Ray  McBrian,  W.  A.  McGee,  S.  E.  Printz,  H.  E.'Silcox,  J.  E.  Tiedt,  H.  W.  Van 
Hovenberg,  K.  J.  Weir. 

Last  year  (Proceedings,  Vol.  43,  page  88)  Specifications  for  Welded  Steel  Tanks  for 
Railway  Water  Service  were  presented  for  adoption  and  publication  in  the  Manual, 
your  committee  having  been  assisted  in  the  preparation  of  these  specifications  by  Messrs. 
H.  O.  Hill,  H.  C.  Boardman  and  J.  O.  Jackson,  representing  the  American  Welding 
Society,  and  also  by  AREA  Committee  15 — Iron  and  Steel  Structures. 

As  the  result  of  discussion  at  the  annual  meeting  of  the  Association  in  March  1942, 
the  specifications  as  then  submitted  failed  of  adoption  and  your  committee  has  since 
taken  the  various  comments  under  advisement.  With  the  assistance  of  its  collaborators 
the  committee  has  made  certain  revisions  of  the  specifications  which  are  now  being 
resubmitted  for  adoption  and  publication  in  the  Manual. 

Introduction 

For  approximately  40  years  railways  have  been  using  riveted  steel  tanks  for  water 
service.  Within  the  past  9  years  the  welded  steel  tank  of  both  standpipe  and  elevated 
type  has,  due  to  improved  welding  methods,  gradually  come  into  use  and  today  it  is 
one  of  the  best  and  most  economical  types  of  water  storage  tank  available.  The  first 
cost  of  an  all-welded  standpipe  type  flatbottom  tank  24  ft.  in  diameter  by  60  ft.  high 
is  about  20  percent  less  than  a  riveted  tank  of  the  same  size.  The  welded  tank  offers 
the  further  advantage  that  it  can  be  dismantled  and  re-erected  at  less  cost  than  a 
riveted  tank. 


SPECIFICATIONS    FOR   WELDED    STEEL   TANKS    FOR 
RAILWAY  WATER  SERVICE 

1.  GENERAL 
101.  Scope  of  Specifications 

These  specifications  apply  to  the  construction  of  fusion  arc  welded  steel  water  storage 
tanks. 


156 Water   Service,    Fire    Protection    and    Sanitation 

102.  Definitions 

Standpipe. — A  flat  bottom  cylindrical  tank  having  a  shell  height  greater  than  its  diameter. 
Reservoir. — A  flat  bottom  cylindrical  tank  having  a  shell  height  equal  to  or  less  than  its 

diameter. 
Elevated  Tank. — A  cylindrical  tank  supported  on  a  tower. 

103.  Weather 

When  weather  conditions  are  adverse,  as  in  the  case  of  snow,  rain  or  heavy  winds, 
the  work  shall  be  protected.  No  welding  shall  be  done  when  the  temperature  of  the 
metal  is  less  than  20  degrees  F. 

104.  Drawings 

Plans  shall  accompany  the  invitation  to  bidders  showing  type  of  tank,  general 
dimensions,  ladders,  manholes,  pipe  connections,  and  type  of  foundation. 

Each  bidder  shall  submit  with  his  bid  a  design  drawing  showing  the  general  dimen- 
sions, thicknesses  of  tank  plates  and  make-up  of  the  structural  members  of  the  structure 
covered  by  his  proposal. 

The  successful  bidder  (Contractor)  shall  prepare  detailed  plans  which  shall  be 
approved  by  the  Company  before  fabrication  is  begun. 

105.  Foundations 

The  foundation  for  the  tank  shall  be  provided  by  the  Company  unless  otherwise 
specified  in  the  contract.  Detailed  working  drawings  for  foundations  of  elevated  tanks 
only  shall  be  furnished  by  the  tank  Contractor  to  suit  permissible  soil  pressures  determined 
by  the  Company.  The  tank  Contractor  shall  furnish  anchor  bolts  where  necessary.  The 
Company  shall  furnish  detailed  working  drawings  for  foundations  of  standpipes  and 
reservoirs. 

2.  MATERIALS 

201.  Quality  of  Metal 

All  steel  shall  be  made  by  the  open  hearth  or  electric  process  and  shall  conform  to 
the  current  ASTM  Specifications  A  7,  A  10,  or  A  78.  Copper  bearing  steel  with  about  0.20 
percent  copper  shall  be  used  when  specified. 

202.  Filler  Metal 

Electrodes  shall  conform  to  the  AWS-ASTM  Specifications  for  Iron  and  Steel  Arc- 
Welding  Electrodes,  Serial  Designation  A  233  of  the  latest  revision,  using  the  following 
classifications: 

E6010,  E6011,  E6012,  E6013,  E6020,  E6030. 

The  classification  number  selected  must  be  suitable  for  the  electric  current 
characteristics  and  also  for  the  position  of  welding. 


3.  DESIGN 
301.  Type  of  Joints 

Joints  shall  be  either  butt  welded  or  lap  welded  as  specified. 
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302.  Design  Loads 

The  dead  load  shall  be  the  estimated  weight  of  all  permanent  construction  and 
fittings,  490  pounds  per  cubic  foot  for  steel  and  150  pounds  per  cubic  foot  for  concrete. 

The  weight  of  water  shall  be  assumed  to  be  62.5  pounds  per  cubic  foot. 

20  pounds  per  square  foot  of  vertical  projection  shall  be  used  for  wind  load. 

The  snow  load  shall  be  25  pounds  per  square  foot  of  horizontal  projection  on  the 
roof. 

303.  Unit  Stresses 

(a)  Plates  and  structural  members. 

Pounds  Per 
Square  Inch 

Tension  and  compression    15,000 

Shear     11,250 

(b)  Single  or  double  butt  welds,  with  complete  penetration. 

Tension 12,750 

Compression    15,000 

Shear     10,000 

(c)  Double  welded  fillet  welds. 

Shear — 8,000  pounds  per  square  inch. 

Note:  Stress  in  a  fillet  weld  shall  be  considered  as  shear  on  the  throat, 
for  any  direction  of  the  applied  load.  The  throat  shall  be  assumed  as  0.707 
times  the  short  leg. 

304.  Plate  Thickness 

Roof  fs  inch  minimum 

Shell  or  downtake  tube  54  inch  minimum 

Bottom  Y%  inch  minimum 

Lap  welds  J^  inch  maximum 

Field  welds  1^4  inch  maximum 

305.  Reinforcement  Around  Openings 

Openings  in  tank  shall  be  reinforced  100  percent,  i.e.,  the  area  put  back  around  the 
hole  shall  equal  or  exceed  the  area  cut  out  to  make  the  hole.  Necks  of  attachments, 
such  as  nozzles  and  manhole  frames,  shall  not  be  considered  as  reinforcements. 

306.  Cylindrical  Rings 

Plates  shall  be  rolled  to  proper  radius  in  accordance  with  the  following  table: 

Minimum  Diameter  for  Which 
Plates  Need  Not  Be 
Plate  Thickness  (Inches)  Rolled  (Feet) 

Less  than  %  30 

Y%  to  less  than  y2  60 

y2  to  less  than  §^  120 

$£  and  heavier  Must  be  rolled  for  all  diameters. 

307.  Tank  Support 

For  suspended  bottom  tanks,  the  steel  substructure  shall  conform  to  current  AREA 
Specifications  for  Steel  Railway  Bridges,  except  that  no  allowance  shall  be  made  for 
impact. 
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4   WELDING 

401.  Definitions  and  Symbols 

Welding  terms  shall  be  as  given  in  the  latest  edition  of  "Definitions  of  Welding 
Terms  and  Master  Chart  of  Welding  Processes"  issued  by  the  American  Welding  Society. 

Welding  symbols  shall  be  as  shown  in  the  latest  edition  of  "Welding  Symbols  and 
Instructions  for  Their  Use",  issued  by  the  American  Welding  Society. 

402.  Qualifications  of  Welding  Procedure  and  Testing  of  Welding  Operators 

Welding  procedure  shall  be  qualified  and  welding  operators  shall  be  tested  accord- 
ing to  the  latest  rules  of  the  American  Welding  Society  for  "Standard  Qualification  Pro- 
cedure", using  the  suggested  test  values  contained  therein. 

403.  Flat  Tank  Bottoms  Resting  Directly  on  Grade  or  Foundation 
Butt  Welded  Construction 

Bottom  plates  shall  be  single  welded  from  the  top  side  with  complete  penetration, 
using  backing  up  strip  %  inch  thick  or  heavier,  tack  welded  to  one  plate. 

Lap  Welded  Construction 

Plates  shall  be  reasonably  rectangular,  square-edged,  of  dimensions  to  provide  laps 
at  least  V/\  inches.  Marginal  sketch  plates  under  the  bottom  ring  shall  have  the  outer 
end  of  the  joint  "fitted"  and  butt  welded  to  form  a  smooth  bearing  under  the  shell. 
Welding  shall  be  on  the  top  side  only  with  a  continuous  full  fillet  weld  on  all  seams. 

404.  Shell  to  Bottom  Joint 

For  flat  bottom  tanks  the  attachment  between  the  bottom  edge  of  lowest  course 
side  sheets  and  the  bottom  sketch  plate  shall  be  continuous  fillet  welds  on  both  sides  of 
side  sheets.  The  size  of  each  weld  measured  along  the  surface  of  either  plate  shall  be 
not  less  than  the  thickness  of  the  thinner  plate  with  a  maximum  of  Yz  inch.  The  sketch 
plates  shall  extend  outside  the  tank  shell  a  distance  of  at  least  one  inch  beyond  the  toe 
of  the  weld. 

405.  Butt  Welded  Joints 

Vertical  joints  in  the  side  sheets  of  tanks  and  all  joints  in  suspended  bottoms  and 
in  riser  pipes  shall  be  double  butt  welded  to  insure  complete  penetration  or  single  butt 
welded,  with  suitable  backing-up  strip  or  equivalent  means  to  insure  complete  penetra- 
tion. Horizontal  joints  shall  have  not  less  than  two-thirds  penetration  based  on  the 
thickness  of  the  thinner  plate,  with  the  unwelded  portion  located  substantially  at  the 
middle  of  the  thinner  plate. 

406.  Lap  Welded  Joints 

Vertical  joints  in  side  sheets  of  tanks  and  all  joints  in  suspended  bottoms,  and  in 
riser  pipes  shall  have  continuous  full  fillet  welds  both  inside  and  outside  with  a  lap 
not  less  than  five  times  the  thickness  of  the  thinner  plate.  Horizontal  joints  shall  have 
continuous  welds  both  inside  and  outside  which  must  develop  a  strength  of  at  least 
two-thirds  that  of  a  double  full  fillet  welded  lap  joint. 

407.  Roof  Welds 

Roof  sheets  shall  be  butt  or  full  fillet  lap  welded,  on  the  top  side  only  with  a 
continuous  weld  on  all  seams. 
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408.  Intermittent  Welds 
Intermittent  butt  welds  shall  not  be  used. 

Intermittent  lap  welding  shall  not  be  used  in  tank  shell  plating.  The  length  of  any 
segment  of  intermittent  lap  welds  shall  be  not  less  than  four  times  the  weld  size  with  a 
minimum  of  V/2  inches.  All  seams  of  intermittent  lap  welding  shall  have  continuous 
welds  at  each  end  of  at  least  6  inches. 

409.  Minimum  Size  Fillet  Welds 

Plates  fs  inch  and  less  in  thickness  shall  have  full  fillet  welds.  Plates  over  t<*  inch 
in  thickness  shall  have  welds  not  less  than  one-third  the  thickness  of  the  thinner  plate 
at  the  joint  with  a  minimum  of  -fV  inch.  Sealing  shall  be  by  applying  a  continuous  weld. 
The  length  of  any  weld  shall  be  not  less  than  four  times  the  weld  size  with  a  minimum 
of  V/z  inches  not  including  tapered  ends.  A  deduction  of  at  least  J4  mcn  shall  be  made 
from  the  overall  length  for  tapered  ends. 

410.  Scaffolding  Holes 

Holes  made  for  scaffolding  shall  be  entirely  filled  with  weld  metal  applied  from 
both  sides  of  the  tank  shell,  uniform  in  size  and  surface. 

5.  TESTING,  PAINTING  AND  INSPECTION 

501.  Testing 

Flat  bottom  tanks  shall  have  the  bottom  and  first  side  course  erected  on  horses, 
or  on  the  tank  foundation  and  jacked  up,  and  tested  with  water  for  leaks.  All  leaks 
shall  be  repaired  and  the  underside  of  the  bottom  shall  be  painted  before  lowering  on  to 
foundation.  Upon  completion,  the  entire  tank  shall  be  tested  by  filling  with  water.  All 
leaks  shall  be  repaired  by  cutting  out  welds  and  rewelding.  The  tank  shall  be  empty  or 
the  water  level  shall  be  at  least  two  feet  below  the  point  being  repaired. 

502.  Painting 

The  steel  shall  be  shipped  without  painting. 

After  the  tank  is  completed  and  tested  it  shall  be  thoroughly  cleaned  with  a  wire 
brush  or  sand  blast  and  painted  or  treated  with  a  metal  preservative  as  specified  by  the 
Company. 

503.  Inspection 

Tank  joints  shall  be  inspected  by  Sectioning  Methods  in  accordance  with  Section 
VIII  of  the  AWS  Rules  for  Field  Welding  of  Steel  Storage  Tanks. 

6.  ACCESSORIES  AND  FITTINGS 

601.  Minimum  Size  of  Manholes 

Shell — 18  inches  by  24  inches  elliptical,  or  24  inches  diameter  circular 
Roof — 30  inches  by  30  inches 

602.  Ladders 

Full  height  inside  and  outside  ladders  and  a  revolving  roof  ladder  shall  be  furnished 
and  installed. 

Side  rails  Y%  inch  by  2  inches  minimum 
Ladder  rungs  Y  inch  minimum  diameter 
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603.  Indicator 

An  indicator  shall  be  furnished  and  installed  for  the  full  height  of  the  tank 
complete  with  a  suitable  float,  target  and  bronze  metal  sash  chain. 

604.  Overflow  and  Vent 

Where  specified  a  3  inch  overflow  pipe  shall  be  installed  below  the  top  angle 
extending  12  inches  beyond  the  tank  shell. 

Tanks  with  roofs  shall  have  a  suitable  vent  other  than  the  overflow  pipe. 

605.  Pipe  Connections 

Pipe  connections  of  sizes  and  location  specified  shall  be  made  either  by  welding 
pipe  with  standard  flanges  at  each  end  through  the  tank  with  suitable  reinforcing,  or  by 
welding  both  inside  and  outside  threaded  tank  flanges  to  the  tank. 

606.  Landing  Platform 

Where  roof  ladders  are  not  provided  a  suitable  landing  platform,  extending  out  from 
the  top  of  the  tank,  shall  be  constructed  when  specified. 

607.  Downtake  Tube  Bracing 

The  inside  of  the  tank  shall  be  equipped  with  radius  rods  or  angles  to  support  the 
downtake  tube.  In  event  a  downtake  tube  is  not  installed,  scaffold  lugs  or  other  means 
shall  be  provided  for  painting  and  cleaning  the  tank. 


Report  on  Assignment  8 

Use  of  Water  for  Diesel  Locomotives  and  Air  Conditioning  with 
Character  of  Water  Required,  Conditioning,  Etc. 

Ray  McBrian  (chairman,  subcommittee),  R.  C.  Bardwell,  W.  E.  Bickel,  I.  C.  Brown, 
R.  W.  Chorley,  C.  H.  Edwards,  C.  R.  Knowles,  H.  M.  Laudemann,  J.  J.  Laudig, 
O.  E.  Mace,  E.  R.  Morris,  Theodore  Morris,  M.  F.  Neuzil,  H.  M.  Schudlich,  R.  M. 
Stimmel,  K.  J.  Weir,  J.  B.  Wesley. 


This  is  a  final  report  submitted  as  information. 


Diesel  Water  Conditioning 

The  rapid  developments  in  the  use  of  Diesel  locomotives  as  switchers  and  as  freight 
and  passenger  power,  have  made  it  necessary  for  the  railroads  using  this  equipment  to 
provide  an  adequate  supply  of  conditioned  water.  The  water  must  be  conditioned  so  as 
to  prevent  incrustation  and  corrosion.  This  is  now  of  even  greater  importance  during 
the  war  emergency  period,  when  such  units  are  in  constant  operation  and  it  is  necessary 
to  eliminate  all  possible  needs  for  replacement  of  parts.  To  condition  Diesel  water 
properly  becomes  more  complicated  where  dissimilar  metals  are  used  in  the  materials 
of  construction,  and  where  it  is  necessary  to  use  a  soluble  oil  as  the  cooling  water 
medium. 

The  problem  of  incrustation  in  the  large  stationary  type  of  Diesel  installations  was 
solved  by  conditioning  the  cooling  water  by  means  of  conventional  types  of  softening 
processes  such  as  zeolite,  and  lime-soda  ash,  or  through  the  use  of  proprietary  compounds. 
After  such  treatment  a  suitable  inhibitor  was  added  to  prevent  corrosion,  or  a  properly 
determined  pH  range  was  maintained. 
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It  was  natural  that  similar  treatments  should  be  adopted  for  conditioning  Diesel 
locomotive  water  supplies.  A  survey  of  those  roads  operating  Diesel  locomotive  equip- 
ment has  indicated  that  these  types  of  conditioners  are  not  entirely  satisfactory,  and  it 
is  evident  that  in  this  field  an  equivalent  of  distilled  water  with  a  satisfactory  corrosion 
inhibitor  will  be  required.  It  will  also  be  necessary  to  maintain  close  check  on  the  water 
supply  as  well  as  the  water  in  the  locomotives  by  frequent  analysis  so  as  to  prevent 
trouble  from  developing. 

Organic  treatment  of  the  tannin  type  while  successful  in  the  stationary  type  Diesel 
has  not  proved  fully  successful  in  locomotive  Diesels  where  the  small  intricate  passages 
of  the  radiator  and  engine  water  jacket  are  prone  to  stoppage.  For  the  same  reasons 
some  types  of  hexa-meta  phosphate  while  successful  in  stationary  practice  have  not  been 
entirely  successful  in  locomotive  Diesels  because  of  the  heat  action  converting  the 
metaphosphate  to  orthophosphate  with  the  resultant  crystalline  deposit. 

Treatment  of  the  water  by  a  readily  soluble  powder,  or  by  a  liquid,  commonly 
used  when  anti-freeze  solutions  are  employed,  has  been  successful  in  some  types  of  Diesel 
locomotives.  These  conditioners  are  usually  of  some  type  of  alkali  phosphate  for  the 
purpose  of  precipitating  the  soluble  salts  in  the  form  of  a  fluid  non-adherent  sludge. 
Where  these  types  of  conditioners  are  used  difficulty  has  been  encountered  due  to  corro- 
sion, especially  where  dissimilar  metals  have  been  employed,  and  through  stoppages  in 
the  small  intricate  water  spaces. 

The  protection  of  equipment  involving  different  or  dissimilar  metals  is  possible  by 
protective  inhibiting  ingredients  added  to  the  cooling  water  that  change  the  electrolyte 
so  that  the  system  is  shifted  to  a  position  in  the  e.m.f.  series  where  attack  does  not  occur. 
Chromates  are  sometimes  used  as  an  inhibiting  agent.  Sodium  silicate  or  other  agents 
are  sometimes  added  and  corrosion  prevented  by  the  formation  of  a  non-insulating 
mono-molecular  film  on  all  metallic  surfaces. 

pH  control  has  been  used,  usually  maintaining  a  range  of  8.0  to  8.5  in  the  cooling 
water  system,  but  it  is  difficult  to  maintain  this  range,  and  to  prevent  pitting  of 
aluminum  parts. 

The  equivalent  of  distilled  water  can  be  secured  by  conditioning  the  water  supply 
with  the  synthetic  type  of  exchange  resins.  Condensate  from  power  plants  can  be  used. 
In  either  case  suitable  corrosion  inhibitors  must  be  added. 

Soluble  oil  is  sometimes  used  as  a  cooling  water  additive,  but  it  has  been  found  in 
some  cases  to  be  detrimental  to  natural  and  synthetic  rubber  hose  and  gaskets.  It  has 
also  formed  a  gum  deposit  in  the  cooling  system  which  acts  as  a  heat  insulator  and 
reduces  the  efficiency  of  the  coolant.  The  reasons  given  for  the  use  of  the  soluble  oil 
are  that  the  oil  appears  to  be  effective  in  reducing  the  impinging  and  eroding  effect  of 
the  high  velocity  circulation  created  in  certain  restricted  passages  of  particular  Diesel 
motor  models,  and  that  it  conditions  the  water  pump  seal  rings  and  aids  in  preventing 
some  form  of  electrolytic  corrosion. 

Experimental  work  is  in  progress  on  the  development  of  non-gumming  oils  and 
inhibitors  to  prevent  gumming  and  rubber  deterioration.  Data  are  not  yet  available  on 
this  work. 

Whenever  anti-freeze  solutions  are  used,  care  must  be  taken  to  supply  a  material 
which  will  not  result  in  corrosion  or  in  stoppage  of  the  water  space  passages. 

Water  for  Air  Conditioning 

In  certain  types  of  air  conditioning  systems  water  may  be  required  to  wash  the  air. 
Where  the  air  is  so  washed  it  may  pick  up  a  disagreeable  odor  from  the  water.  The  solu- 
tion of  this  problem  is  found  by  using  a  finely  divided  solid  absorbent  such  as  activated 
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carbon.  This  is  used  by  addition  either  to  the  water  or  to  some  type  of  filter.  The 
activated  carbon,  either  by  addition  or  filtering  removes  the  undesirable  odor.  Also,  if 
desired,  sufficient  activated  carbon  can  be  used  to  remove  odors  from  the  incoming  air 
itself,  or  a  granular  activated  carbon  filter  can  be  inserted  in  the  treated  air  discharge 
duct. 

Water,  where  required  for  an  air  conditioning  system  should  preferably  be  treated 
by  an  approved  method  so  as  to  eliminate  incrusting  solids  and  prevent  corrosion.  If 
treated  water  cannot  be  supplied,  a  water  low  in  total  dissolved  solids  should  be  used. 

The  system  should  be  drained  and  cleaned  at  frequent  intervals  to  remove  any 
incrustations  and  eliminate  high   concentrations. 

Where  corrosion  inhibitors  are  added  to  a  water  supply  which  is  to  be  conditioned 
for  odor  removal  by  activated  carbon,  the  corrosion  inhibitor  should  be  added  after 
treatment  with  carbon. 


Report  on  Assignment  9 

Improved  Pumping  Equipment  and  Automatic  Controls 

K.  J.  Weir  (chairman,  subcommittee),  I.  C.  Brown,  W.  L.  Curtiss,  J.  H.  Davidson, 
P.  W.  Elmore,  R.  N.  Foster,  E.  M.  Grime,  C  K.  Holden,  A.  W.  Johnson,  W.  A. 
McGee,  R.  W.  Seniff,  H.  E.  Silcox,  J.  E.  Tiedt,  C.  P.  Van  Gundy. 

This  is  a  final  report  submitted  as  information. 

Volume  2  of  the  AREA  Proceedings  for  1901  contains  the  following  statement  in 
the  first  report  of  the  Water  Service  committee  on  the  subject  of  pumping  equipment: 
"The  best  pumping  plant  is  none  at  all.  If  a  gravity  supply  is  available  at  reasonable 
cost,  it  is  hard  to  beat".  This  statement  still  holds  true. 

Since  that  time  the  committee  has  submitted  nine  reports  on  this  and  allied  sub- 
jects that  cover  the  development  of  many  types  of  pumps  including  air  lift,  reciprocating, 
turbine,  centrifugal,  propeller,  and  deep  well  turbine  units  among  others,  and  the  use 
of  men,  horses,  windmills,  natural  gas,  steam,  kerosene,  gasoline  and  electricity  for  power. 
In  the  intervening  41  years,  pumping  equipment  has  developed,  along  with  all  other 
mechanical  devices,  to  produce  equipment  capable  of  operating  at  capacities,  heads,  and 
efficiencies  that  were  then  thought  impossible.  The  use  of  automatic  controls  likewise 
has  enlarged  to  a  seemingly  unlimited  field  of  application. 

The  standards  of  the  Hydraulic  Institute  classify  pumps  in  the  following  four 
general  groupings: 

f  Single  Stage 
I  Multi  Stage 


Centrifugal . 


Rotary . 


Centrifugal. . 
Propeller 
Mixed  Flow 
Peripheral 

Cam 
Screw 
Gear 
Vane 
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Direct  Acting. 
Steam 


Reciprocating. 


Piston 
Plunger 


Deep  Well Turbine 


Crank  and  Flywheel 
Power 


f  Single 
1  Duplex 


Single 

Duplex 

Triplex 


Centrifugal  Pumps 

Invention  of  the  first  centrifugal  pump  is  accredited  to  Denis  Papen  of  Hesse, 
Germany,  in  1703,  which  was  followed  in  1732  with  one  by  LeDemour.  From  the  data 
available  on  these  original  designs,  it  is  evident  they  bore  minute  resemblance  to  the 
centrifugal  pumps  in  use  today.  Little  more  was  done  until  1818  when  the  Massachusetts 
pump  was  brought  out,  and  later  improved  by  Andrews  in  1839,  Bessemer  in  1845, 
Appold  in  1848  and  Gwynne  in  1851.  Further  developments  followed  slowly  until  after 
1900  when  engineers  began  to  realize  the  possibilities  of  this  type  of  equipment  and 
improved  capacities  and  higher  heads  were  designed. 

In  the  past  few  years  a  marked  expansion  has  been  made  in  the  design  of  all  types 
of  centrifugal  pumping  equipment.  Increasing  the  speed  to  3,500  r.p.m.  has  permitted  a 
reduction  in  impeller  diameters  and  the  size  of  pump  casings,  while  increased  pump 
efficiencies  have  been  obtained  by  improved  impeller  and  casing  design.  One  recent 
development  has  been  the  motor  pump  which  is  a  compact,  self  contained  centrifugal 
pump  having  the  motor  rotor  and  pump  impeller  mounted  on  the  same  shaft.  This 
pump  operates  equally  well  in  any  position  and  requires  no  special  foundation.  It  is 
available  in  a  wide  range  of  sizes,  from  fractional  horsepower  units  of  one  g.p.m.  up  to 
1,000  g.p.m.  for  variable  head  conditions,  up  to  280  ft.  The  larger  units  are  advantageous 
in  that  they  require  less  installation  space  than  the  regular  side  suction  and  discharge 
types. 

Another  adaptation  of  a  centrifugal  pump  is  the  "ejector"  or  "jet  booster"  for  use 
in  both  shallow  and  deep  wells.  With  this  unit,  the  suction  port  of  the  pump  is  con- 
nected to  the  discharge  end  of  a  small  venturi  tube  placed  at  the  proper  depth  below  the 
water  surface.  A  portion  of  the  water  drawn  from  the  well  is  directed  hack  into  the 
throat  of  the  venturi  at  regular  pump  discharge  pressure,  creating  a  suction  which  lifts 
additional  water  from  the  well.  The  pump  itself  need  not  be  located  directly  over  the 
well,  but  may  be  placed  a  reasonable  distance  away  where  shelter  is  available.  To  date, 
the  capacities  and  heads  of  this  pump  are  relatively  low,  but  these  will  no  doubt  be 
increased. 

Portable  gas  engine-operated  centrifugal  pumps  for  low  heads  and  capacities  up  to 
1,500  g.p.m.  have  been  developed  in  recent  years  and  are  particularly  useful  for  emer- 
gency work  in  pumping  flooded  pits,  basements,  etc. 

Portable  electrically-operated  low  head  small  capacity  centrifugal  pumps,  small 
enough  to  be  held  in  the  hand  are  now  available  for  pumping  special  chemicals.  These 
are  made  primarily  of  stainless  steels,  glass,  stoneware,  or  plastic  materials. 

Possibly  the  greatest  improvement  has  been  in  the  use  of  the  propeller  type  cen- 
trifugal pump  for  exceptionally  high  capacity  service  at  low  heads.  Illustrations  include 
the  1,500  cu.  ft.  per  second  pumps  at  Mill  Creek,  Cincinnati,  Ohio,  and  similar  capacity 
units  at  New  Orleans,  La.  These  were  designed  for  flood  control  and  drainage  service. 
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At  the  same  time  single-stage  centrifugal  pumps  have  been  improved  for  greater  capacity 
and  higher  head  requirements,  such  as  the  several  in  service  for  the  metropolitan  water 
district  of  Southern  Colifornia  which  deliver  90,000  g.p.m.  against  a  total  head  of  440  ft., 
and  require  12,500  hp.  each  for  operation. 

A  summary  of  the  recent  improvements  includes: 

1.  Increased  efficiencies 

2.  Tendency  toward  higher  speeds 

3.  Greater  capacities 

4.  Higher  total  heads 

5.  Reduction  in  weight 

6.  Standardization  of  ball  bearings 

7.  Use  of  stainless  steels,  glass,  stoneware,  plastics,  etc. 

Rotary  Pumps 

The  Moyneau  (French)  or  Moyno  (American)  pump  was  introduced  in  this  country 
about  1930.  It  is  a  positive  displacement  type  unit  consisting  of  an  alloy  helical  screw 
rotor,  directly  connected  to  a  motor  shaft,  which  revolves  in  a  fixed  stator  usually 
constructed  of  hard  rubber.  As  a  horizontal  pump  it  has  been  particularly  adaptable 
for  pumping  many  types  of  chemical  solutions,  semi-solids,  and  some  types  of  dry  mate- 
rials. As  a  vertical  pump  it  has  filled  a  long  felt  requirement  for  a  deep  well  pump  of 
relatively  low  delivery  for  wells  too  small  in  diameter  to  permit  the  use  of  conventional 
deep  well  turbine  type  equipment.  Capacities  for  this  service  range  from  8  g.p.m.  to  60 
g.p.m.,  and  the  total  heads  approach  1,000  ft.,  with  pump  settings  as  deep  as  900  ft. 
below  grade.  This  is  the  outstanding  rotary  pump  development  in  recent  years. 

Reciprocating  Pumps 

There  has  been  little  recent  improvement  of  reciprocating  pumps.  They  are  bulky, 
more  expensive  initially,  and  less  adaptable  to  numerous  present  day  requirements  than 
the  centrifugal,  rotary  or  deep  well  turbine  equipment  for  water  service.  Where  elec- 
tricity is  not  available  and  attendance  is  required  for  pumping  operations,  the  recipro- 
cating type  unit,  however,  may  prove  to  be  more  economical  over  a  period  of  time. 

Small  piston  displacement  pumps  of  capacities  as  low  as  0.03  g.p.m.  are  now  avail- 
able, principally  for  pumping  chemicals.  They  can  be  secured  in  groups  of  two  or  more 
pumps  driven  by  a  single  power  unit,  thus  permitting  the  feeding  of  several  different 
chemicals  at  once. 

Deep  Well  Turbine  Pumps 

Deep  well  turbine  pumps  were  first  used  in  irrigation  work  about  1910.  Their  de- 
velopment since  that  time  has  been  a  continuous  improvement  in  efficiencies,  higher 
heads,  reflected  in  deeper  settings,  and  larger  capacities.  During  the  past  10  years  effi- 
ciencies have  been  stepped  up  from  between  10  and  IS  percent  to  almost  80  percent; 
total  dynamic  heads  have  increased  from  650  ft.  to  over  1,000  ft.;  pump  settings  have 
been  lowered  about  the  same  amount;  and  capacities  have  enlarged  from  6,000  g.p.m. 
to  15,000  g.p.m.  One  unit  in  service  for  the  past  4  years  has  a  delivery  of  12,500  g.p.m. 
against  a  total  head  of  674  ft.  at  1,750  r.p.m. 

This  type  of  pump,  while  generally  used  for  pumping  deep  wells,  is  very  flexible  in 
design  and  adaptable  for  many  other  pumping  services,  including  the  handling  of  oils 
from  tanks,  fire  protection,  hot  well  service  and  pumping  from  streams  or  lakes. 

Water-lubricated  turbine  pumps  have  enjoyed  wide-spread  use  in  the  past  few  years. 
In  this  type  all  of  the  vertical  shaft  and  pump  bowl  bearings  are  constructed  of  wear 
resisting  cutless  rubber  which  eliminates  the  use  of  oil  for  lubrication  and  the  shaft  oil 
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tube  extending  to  the  lower  pump  bearing.  These  bearings  are  fluted  to  provide  full 
water  lubrication  for  the  shaft  and  sleeves  when  the  pump  is  operating,  and  to  disperse 
sand  or  gritty  materials  away  from  the  shaft  to  avoid  cutting.  Such  pumps  normally 
operate  at  1,750  r.p.m.  and  can  be  considered  reliable  units  that  are  adaptable  for 
automatic  control,  as  no  attendance  is  required  for  lubrication. 

The  submersible  motor  deep  well  turbine  pump  has  been  improved  during  recent 
years  and  can  be  considered  a  dependable  pump,  especially  for  deeper  pump  settings. 
The  bowl  assembly  and  electric  motor  of  this  pump  are  built  together  and  are  sub- 
merged at  the  lower  end  of  the  pump  column  at  the  proper  working  depth  in  the  well. 
Power  for  operating  the  pump  is  transmitted  from  the  surface  of  the  ground  to  the 
motor  through  metal  protected  waterproof  cables  attached  to  the  column  pipe,  while  the 
motor  is  designed  for  underwater  service  and  is  provided  with  a  mercury  seal  to  ex- 
clude water  from  its  working  parts.  The  advantages  of  this  unit  are  the  elimination  of 
the  customary  long  shaft,  oil  tube,  bearings  and  spiders,  and  the  reduction  of  friction 
and  subsequent  power  losses  normally  developed  with  the  longer  shafting. 

The  head  developed  per  stage  of  all  turbine  pumps  has  increased  so  that  a  pump 
of  a  given  size  and  capacity  today  will  require  fewer  stages  to  pump  against  a  given 
total  dynamic  head  than  a  pump  designed  ten  years  ago.  Other  improvements  include 
the  use  of  special  alloys  for  impellers;  the  development  of  new  processes  of  casting 
impellers,  bowls  and  other  working  parts  to  provide  harder  metal  of  more  uniform 
textures;  and  metal  lining  the  bowl  castings  with  porcelain  to  produce  smooth  surfaces 
and  reduce  friction  losses,  all  of  which  are  reflected  in  the  wearing  qualities  of  the  bowl 
assemblies  and  over-all  efficiencies  of  the  pumps. 

Most  deep  well  turbine  pumps  are  electrically  operated,  which  leaves  them  useless 
in  the  event  of  power  or  motor  failures.  Special  driving  heads  are  now  available  for 
turbine  pumps  which  utilize  an  electric  motor  as  the  normal  means  of  operation  in 
combination  with  a  Diesel  or  gasoline  engine  as  the  driving  element  for  emergency  use 
in  the  event  of  power  failure  or  breakdown  of  the  electric  motor. 

These  improvements  may  be  summarized  as: 

1.  Increased  efficiencies 

2.  Tendency  toward  higher  speeds 

3.  Greater  capacities 

4.  Higher  total  heads 

5.  Deeper  pump  settings 

6.  Fewer  stages  required 

7.  Better  quality  metal  in  working  parts 

8.  Water  lubricated  pumps 

9.  Submersible  pumps 
10.  Combination  drives 

Automatic  Controls 

The  four  primary  types  of  automatic  controls  include  (1)  float,  (2)  flow,  (3)  time, 
and  (4)  pressure  devices. 

The  float  switch  is  the  original  automatic  control,  and  is  still  considered  the  most 
reliable  under  most  operating  conditions.  It  cannot  be  considered  dependable  during 
freezing  weather  in  tanks  where  ice  develops. 

Many  types  of  flow  switches  are  available.  A  number  of  them  are  equipped  with 
complicated  contactors  which  are  a  continuous  source  of  trouble,  but  dependable  opera- 
tion demands  a  simple  contact  which  will  not  fail  under  repeated  use.  Flow  switches 
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are  located  in  pipe  lines  and  are  actuated  by  movement  of  the  liquid  in  a  given  direc- 
tion, usually  for  the  control  of  pumping  equipment. 

Time  switches  include  two  types,  (1)  those  set  to  operate  at  a  designated  hour, 
like  an  alarm  clock,  and  (2)  those  whose  operations  are  dependent  on  a  definite  time  lapse 
after  certain  operations  take  place.  The  first  of  these  is  useful  at  remote  pumping 
stations  where  it  is  desired  to  have  pumps  operate  for  a  pre-determined  time  interval  to 
coincide  with  train  operations,  or  where  well  capacities  are  limited  and  it  is  necessary  to 
operate  pumping  equipment  for  only  short  periods  of  time.  Still  another  use  is  for  con- 
fining pump  operations  to  "off  peak"  periods  when  cheaper  power  rates  are  in  effect. 

The  second  type  of  time  control  is  particularly  adaptable  for  controlling  pumping 
plants  with  long  discharge  lines  subject  to  water  hammer,  or  surges  in  the  line,  to  pre- 
vent successive  starting  and  stopping  of  the  pumping  units.  As  a  time  delay  device  for 
use  with  deep  well  turbine  pumps  it  can  be  set  to  prevent  the  motor  starting,  once  it 
has  been  stopped,  until  all  the  "back  spin"  is  out  of  the  pump  shafting. 

The  pressure  type  control  is  probably  the  most  flexible  and  the  most  widely  used. 
It  incorporates  the  use  of  mercury  contact  switches  which  prevent  arcing,  a  decided 
advantage  resulting  in  a  longer  life  of  dependable  service.  Surges  in  pipe  lines  actuate 
the  mercury  switches,  causing  the  pumps  to  start  and  stop  repeatedly  until  the  surges 
subside,  unless  the  proper  time  delay  control  is  incorporated  as  an  integral  part  of  the 
pressure  control. 

The  recent  developments  of  major  importance  that  concern  control  equipment  are 
not  so  much  improvements  to  the  devices  themselves  as  to  their  use.  Their  application, 
either  singly  or  in  combination,  can  produce  an  unlimited  number  of  controls. 
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Committee 

To  the  American  Railway  Engineering  Association : 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 
No  report. 

2.  Methods  for  obtaining  a  more  intensive  use  of  existing  railway  facilities. 

Progress   report — submitted  as  information    page  168 

3.  Methods  or  formulas  for  the  solution  of  special  problems  relating  to  more  econom- 
ical and  efficient  railway  operation. 

Progress  report — submitted  as  information    page  172 

4.  Effect  of  volume  of  traffic  on  railway  operating  expenses,  collaborating  with  Com- 
mittee 22 — Economics  of  Railway  Labor. 

Final  report — submitted  as  information  page  174 

5.  Effect  of  high  speed  on  railway  operating  expenses. 
No  report. 

6.  Effect  of  rail  lubrication  on  train  operation,  collaborating  with  Committee  5 — Track. 
Final  report — submitted  as  information  page  181 

7.  Economics  of  railway  location  and  operation  as  affected  by  railway   electrification, 
collaborating  with  Electrical  Section,  Engineering  Division,  AAR. 

No  report. 
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8.  Effects  of  speed  in  excess  of  75  miles  per  hour  on  the  economics  of  railway  location. 
Progress  report,  embracing  matter  submitted  for  adoption  and  publication  in  the 
Manual PaSe  182 

9.  Train  resistance  of  freight  trains  under  various  conditions  of  loading  and  speed. 

Final  report— submitted  as  information,  except  revision  of  Manual  material  which  is 
submitted  for  adoption  Page  190 

10.  Development  of  modern  power  units  and  the  effects  on  the  economics  of  railway 
location  and  operation. 

Progress  report — submitted  as  information  page  191 

11.  The  general  course  of  the  cost  of  railway  transportation  and  operation  over  the  past 
100  years,  the  principal  determining  elements  and  the  economic  significance. 

No  report. 

12.  The  advantage  derived  from  stiffness  of  track,  in  improving  economics  of  train 
operation. 

No  report. 

13.  Economics  of  reduction  in  rate  of  curvature  on  existing  lines. 

No  report. 

The  Committee  on  Economics  of  Railway  Location 
and  Operation, 

M.  F.  Mannion,  Chairman. 


Report  on  Assignment  2 

Methods  for  Obtaining  a  More  Intensive  Use  of  Existing 
Railway  Facilities 

L.  E.  Dale  (chairman,  subcommittee),  E.  Y.  Allen,  B.  T.  Anderson,  C.  H.  Blackman, 
C.  W.  Breed,  N.  C.  L.  Brown,  J.  H.  Dyer,  W.  B.  Irwin,  H.  F.  Schryver,  B.  J. 
Schwendt,  H.  A.  Shinkle,  J.  M.  Symes,  J.  A.  Wood. 

This  is  a  progress  report  submitted  as  information. 

During  the  past  few  years,  reports  have  been  made  covering  a  more  intensive  use 
of  existing  railway  facilities  effected  by  pooling  train  service,  joint  use  of  facilities, 
coordination  of  facilities,  coordinated  supervision  and  railroad  consolidation. 

This  report  covers  specific  instances  where  changes  in  facilities  and  methods  of 
operation  have  made  possible  a  more  intensive  use  of  the  railway  line.  Train  movements 
have  been  expedited  and  the  capacity  of  facilities  to  handle  transportation  has  been 
increased.  Five  examples  are  reported,  identified  as  cases  A,  B,  C,  D,  and  E,  as  follows: 
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CASE  A 

Providing  for  Effective  Utilization  of  Larger  Locomotives  on  a  Single 

Track   Line   by   Respacing   and    Lengthening    Passing    Sidings, 

Installing   High-Speed   Turnouts  and    Modifying 

Method  of  Directing  Train  Movements 

This  example  embraces  a  main  line  subdivision  of  123  miles,  of  which  120  are 
single  track,  with  8  miles  of  1 -percent  ruling  grade,  equipped  with  24  passing  tracks 
spaced  about  5  miles  apart,  two  of  52-car  capacity,  six  of  60-car  capacity  and  sixteen  of 
80  to  91-car  capacity.  The  trains  were  operated  by  timetable,  train  orders,  automatic 
block  signals  and  intermittent  automatic  train  stop  systems,  with  a  peak  movement 
(daily)  of  8  passenger  trains  and  22  freight  trains.  The  speed  limits  were  70  m.p.h.  for 
passenger  and  SO  m.p.h.  for  freight  trains. 

Larger  locomotives  capable  of  handling  110-car  trains  at  SO  m.p.h.  were  installed 
but  could  not  be  effectively  utilized  with  passing  sidings  and  other  facilities  that  had 
been  provided  for  handling  slow-speed  trains  of  moderate  length. 

The  following  changes  were  made  to  provide  for  more  intensive  use: 

(a)  Number  of  passing  sidings  reduced  from  24  to  12,  average  spacing  increased 
from  S  to  10  miles,  equivalent  to  about  12  min.  on  a  time-distance  basis 

(b)  Capacity  of  10  passing  sidings  lengthened  as  follows:  eight  to  125  cars,  one  to 
ISO  cars  and  one  to  162  cars 

(c)  30-ft.  switch  points  and  No.  16  turnouts  installed  at  new  passing  track  locations 

(d)  23  main  line  and  9  side  track  turnouts  eliminated 

(e)  12  spring  switches  installed  at  locations  where  grades  and  curves  were  adverse 
for  trains  pulling  out  of  passing  tracks 

(f)  3  power  switches  installed 

(g)  Method  of  directing  train  movements  modified  by  the  installation  of  28  miles 
of  train  operation  by  signal  indication  controlled  by  CTC 

(h)  Automatic  block  signals  and  automatic  train  stop  system  respaced  , 

Results  Accomplished 

(1)  Average  road  time  of  freight  trains  reduced  about  45  min.,  equivalent  to  about 
6,000  train-hours  per  year 

(2)  7,300  train  stops  per  year  eliminated 

(3)  25,199  ft.  of  passing  track  retired 

(4)  Reduced  maintenance 

(5)  Large  locomotives  now  loaded  to  full  rated  tonnage  and  trains  operated  at 
maximum  authorized  speeds 

CASE  B 

Reduction  of  Train  Interference  on  a  Single  Track  Line  by  Revising  Passing 
Siding  Facilities  and  Modifying  Method  of  Directing  Train  Movement 

This  example  embraces  a  main  line  subdivision  of  92  miles,  single  track,  with  10 
miles  of  0.4  percent  ruling  grade  in  the  direction  of  the  loaded  movement  (northward) 
and  6  miles  of  0.76  to.  0.9  percent  ruling  grade  (southward)  and  with  19  passing  sidings 
irregularly  spaced.  The  coal  and  water-carrying  capacities  of  the  locomotives  limited  the 
train  tonnages  to  2,200  northward  and  2,850  southward.  Merchandise  and  perishable 
trains  handled  from  55  to  60  cars  and  other  trains  up  to  80  cars.  The  speed  limits  were 
70  m.p.h.  for  passenger  trains  and  45  m.p.h.  for  freight  trains. 
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Trains  were  operated  by  timetable  and  train  orders,  no  block  system  being  in  effect. 
During  1940,  the  daily  average  movement  was  from  12  to  16  trains,  during  1941  it  was 
from  25  to  30  trains  and  during  1942,  from  35  to  40  trains,  with  18  to  20  trains  bunched 
during  the  second  trick.  At  times,  from  8  to  10  trains  were  on  the  92  miles  of  line  at 
the  same  time.  The  operation  was  slowed  down  by  train  interference.  Trains  were 
delayed  on  passing  tracks  up  to  3  hours  because  no  means  were  available  for  changing 
orders  quickly  to  advance  trains  when  an  opportunity  was  offered  through  the  develop- 
ment of  favorable  operating  situations.  The  passing  siding  facilities  and  method  of 
directing  train  movement  were  not  adequate  to  handle  a  movement  of  from  35  to  40 
trains  per  day. 

The  following  changes  were  made  to  provide  for  more  intensive  use: 

(a)  Number  of  passing  sidings  reduced  from  19  to  11,  with  a  capacity  of  from  79 
to  140  cars,  six  of  the  sidings  having  capacity  of  from  125  to  140  cars 

(b)  No.  12  turnouts  installed  to  provide  25  m.p.h.  diverging  speed 

(c)  Spring  switches  installed  at  ends  of  double  track 

(d)  22  power  switches  installed 

(e)  10  main  line  and  side  track  turnouts  removed 

(f)  Method  of  directing  train  movements  modified  by  equipping  92  miles  of  line  for 
operation  by  signal  indication  by  means  of  CTC  and  automatic  block  signals 

(g)  Power  interlocking  at  each  end  of  double  track  removed 

Results  Accomplished 

(1)  Delays  and  number  of  meets  of  tonnage  freight  trains  reduced 

(2)  Eliminated  six  to  eight  minutes  delay  per  tonnage  train  in  entering  and  leaving 
passing  tracks  equipped  with  power  switches 

(3)  Reduction  in  number  of  water  stops 

(4)  Increased  availability  of  locomotives 

(5)  Reduced  maintenance 

CASE  C 

Reduction  of  Train  Interference  and  Increasing  Average  Speed  of  Freight 

Trains  by  Minor  Changes  in  Track  Layout  and  Method  of 

Directing  Train  Movements 

This  example  embraces  a  29-mile  single  track  cut-off  on  a  main  line  division  with 
short  stretches  of  a  ruling  grade  of  1  percent  and  a  maximum  grade  of  1.11  percent 
for  2  miles,  with  5  interlockings  and  2  passing  tracks,  one  of  which  is  at  a  junc- 
tion point  with  the  main  line  and  the  other  at  about  the  half-way  point.  This  cut-off 
line  was  handling  about  18  freight  trains  per  day.  Trains  were  operated  by  timetable, 
train  orders  and  manual  block,  with  8  block  offices  in  the  territory.  Yard  limits  were  in 
effect  through  the  various  towns  and  industrial  switching  areas  and  through  trains  were 
required  to  operate  under  yard  limit  rules,  prepared  to  stop  short  of  switching  moves 
made  on  the  main  line.  Seven  switching  crews  were  employed  each  day  in  one  industrial 
area  with  limited  means  of  informing  them  of  the  approach  of  through  freight  trains. 

The  following  changes  were  made  to  provide  for  more  intensive  use: 

(a)  Middle  passing  siding  lengthened  to  8,200  ft. 

(b)  No.  20  turnouts,  with  30-ft.  switch  points,  installed  at  each  end  of  middle  siding 

(c)  2  power  switches  installed  at  the  middle  siding 

(d)  1  spring  switch  installed 
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(e)  8  electric  locks  installed  at  hand-operated  switches 

(f)  Automatic  block  signals  installed 

(g)  Method  of  directing  train  movements  modified  by  introducing  train  operation 
by  signal  indication  controlled  by  CTC 

Results  Accomplished 

(1)  Average  road  time  of  freight  trains  reduced  10  min.,  equivalent  to  1,700  freight 
train  hours  per  year 

(2)  22  freight  train-miles  per  day  eliminated  by  diversion  of  traffic  from  longer 
main  line  route  to  cut-off 

(3)  Train  stops  eliminated  in  entering  the  long  middle  siding  on  a  1.11  percent  grade 

(4)  Freight  train  movement  increased  from  IS  to  28  per  day 

CASE  D 

Facilitating  Train  Movement  by  Re-arrangement  of  Multiple  Track 
Facilities  and  Changing  Method  of  Train  Operation 

This  example  embraces  a  41>^-mile  section  of  2  and  3-track  line,  with  an  average 
daily  traffic  of  37  freight  trains,  2  work  trains,  7  helper  engine  movements  (on  account 
of  a  1.6-percent  ruling  grade)  and  4  passenger  trains.  The  trains  were  operated  by  time- 
table and  automatic  block  signals  with  the  current  of  traffic  on  double  track  and  on 
the  third  track. 

The  following  changes  were  made  to  provide  for  more  intensive  use: 

(a)  23.7  miles  of  main  track  removed,  reducing  the  railroad  to  a  double-track  line 
except  for  2  short  sections  of  3-track  line 

(b)  No.  20  turnouts  installed  to  provide  for  diverging  speeds  of  40  m.p.h. 

(c)  Track  layout  simplified  by  removing  numerous  turnouts  and  crossovers  incident 
to  abandonment  of  third  main  track 

(d)  4  interlocking  plants  eliminated 

(e)  Power-operated  switches  installed  in  simplified  track  layout 

(f)  Method  of  directing  train  movements  modified  by  inaugurating  train  operation 
by  signal  indication  controlled  by  CTC 

Results  Accomplished 

(1)  Increased  volume  of  traffic  being  handled  with  less  delay 

(2)  Maintenance  of  23.7  miles  of  main  track,  numerous  switches  and  crossovers  and 
4  interlocking  plants  eliminated 

CASE  E 

Reduction  of  Delay  and  Congestion  and  Increasing  Capacity  of  a  Section 

of  Single  Track  Railroad  with  Minimum  Changes  to 

the  Existing  Railroad  Plant 

This  example  embraces  a  main  line  subdivision  of  250  miles,  with  160  miles  of  double 
track  and  an  intermediate  single  track  section  of  90  miles,  equipped  with  12  passing 
tracks  having  capacities  of  from  67  to  100  cars,  and  with  switches  controlled  from  14 
adjacent  interlocking  plants.  The  trains  were  operated  by  timetable,  train  orders  and 
automatic  block  signals.  The  daily  average  traffic  consisted  of  18  to  22  passenger  trains, 
operated  at  a  maximum  speed  of  80  m.p.h.,  about  30  freight  trains  of  about  70  cars  each, 
operated  at  a  speed  of  about  50  m.p.h.,  and  2  local  freights.  The  90-mile  single  track 
section  includes  a  division  point  where  all  freight  trains  are  switched. 
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The  above  described  facilities  were  inadequate  to  handle  the  traffic  without  train 
interference,  thus  delay  and  congestion  were  inevitable. 

The  following  changes  were  made  to  provide  for  more  intensive  use: 

(a)  Inbound  and  outbound  yard  leads  provided  at  division  point  long  enough  to 
hold  full  trains  in  the  clear  of  switching 

(b)  6  power-operated  switches  installed 

(c)  Method  of  directing  train  movements  modified  by  installing  a  system  of  train 
operation  by  signal  indication,  eliminating  train  orders  and  timetable  superiority 

Results  Expected 

(1)  Freight  train  running  time  reduced  an  average  of  36  min.  per  train 

(2)  Elimination  of  45,000  train  slow-downs  per  year,  no  longer  necessary  to  pick 
up  train  orders 

(3)  3  locomotives  to  be  released 


Report  on  Assignment  3 

Methods  or  Formulas  for  the  Solution  of  Special  Problems  Relating 
to  More  Economical  and  Efficient  Railway  Operation 

B.  T.  Anderson  (chairman,  subcommittee),  J.  W.  Barriger,  III,  N.  C.  L.  Brown,  J.  L. 
Campbell,  J.  A.  Erskine,  J.  M.  Farrin,  C.  H.  R.  Howe,  W.  B.  Irwin,  H.  R.  Peterson, 
E.  H.  Roth,  J.  A.  Schoch,  H.  F.  Schryver,  B.  J.  Schwendt,  H.  A.  Shinkle,  C.  B. 
Stanton,  J.  A.  Wood. 

This  report  is  submitted  as  information  with  the  recommendation  that  the  subject 
be  continued  for  further  study. 

Introduction 

Among  the  special  problems  relating  to  more  economical  and  efficient  railway  opera- 
tion under  present  war-time  conditions,  is  the  determination  of  increased  road  capacity 
and  the  locomotives  and  cars  saved  by  the  more  intensive  use  of  railway  facilities  due 
to  the  increased  volume  of  traffic. 

Increases  of  over  100  percent  in  the  daily  train  movements  on  single  and  double- 
track  lines  have  caused  serious  congestion  on  some  railways  and  made  it  necessary  to 
modify  the  existing  facilities  and  method  of  directing  trains  in  order  to  reduce  the  delays 
incident  to  the  greatly  increased  volume  of  traffic.  In  order  to  justify  the  changes  neces- 
sary to  handle  the  increased  traffic  with  economy  and  efficiency  it  is  necessary  to  study 
the  existing  and  proposed  changes,  particularly  under  war-time  conditions  when  some  of 
the  materials  entering  into  the  changes  are  critical  and  not  available  in  sufficient  quan- 
tities to  supply  all  the  needs  of  the  railways  and  the  war  industries. 

Increased  Road  Capacity 

The  subject  of  track  capacity  has  been  previously  reported  by  Committee  16  in 
Proceedings,  Vol.  23,  p.  731  and  Vol.  32,  p.  658.  These  reports  give  a  very  interesting 
and  instructive  discussion  of  the  many  problems  entering  into  the  subject.  They  include 
such  terms  as  "actual  track  capacity"  and  "theoretical  track  capacity"  and  one  paragraph 
in  particular  is  worth  restating  at  the  present  time. 

In  most  cases  the  actual  capacity  of  any  section  of  a  railroad  can  only  be  deter- 
mined from  actual  operating  experience.  Until  the  traffic  reaches  a  point  where  it 
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taxes  the  capacity  of  the  facilities  to  handle  it  there  is  no  way  of  telling  what  the 
track  capacity  actually  amounts  to.  (Vol.  32,  p.  658) 

Experience  has  been  a  wise  teacher  in  the  past  12  years,  when  the  train  capacity  of 
some  single  track  lines  has  increased  from  30  to  70  trains  per  day  and  of  double  track 
lines,  from  80  to  ISO  trains  per  day.  In  fact,  experience  has  shown  that  the  capacity  of 
a  line  is  often  limited  to  the  number  of  trains  which  can  be  dispatched  from  and  into 
yards  at  the  ends  of  the  line  or  by  the  fueling  and  water  facilities  in  the  territory.  If 
the  yard  or  servicing  facilities  on  the  line  permit  only  one  freight  train  to  be  dispatched 
or  received  every  20  min.,  the  capacity  of  the  line  cannot  exceed  a  maximum  of  72  trains 
per  day. 

Granting  all  the  variable  factors  which  enter  into  capacity  studies,  the  present 
problem  concerns  the  now  more  frequent  case  of  a  railroad  with  a  daily  average  of  40, 
SO,  60,  or  70  trains  on  single  track  that  is  now  faced  with  a  20  to  25  percent  increase  in 
business  and  is  interested  to  know  what  increase  in  train  movements  can  be  made  by 
certain  changes  on  the  line.  The  answer  has  often  been  obtained,  not  by  a  formula,  but 
by  plotting  the  train  sheet  data  showing  the  before  and  after  train  movements  for  a 
high  capacity  day  and  then  adding  additional  freight  trains  from  a  second  day  to  show 
a  higher  train  capacity  with  less  delays  than  with  the  former  conditions. 

The  committee  is  reviewing  the  previous  subject  matter  on  this  question  and  has 
under  consideration  the  development  of  a  formula  which  can  be  used  to  determine  the 
percent  of  increased  capacity  resulting  from  improved  train  operation. 

Locomotive  Saving 

Due  to  the  increased  war-time  railway  carloadings  and  the  shortage  of  power  on 
many  railways,  the  saving  in  locomotives  brought  about  by  improved  train  operation  is 
of  greater  importance  at  this  time  than  in  the  past.  Formerly,  the  locomotive  saving  was 
usually  neglected,  as  the  train-hours  saved  per  day  by  minor  improvements  did  not  reflect 
economies  sufficient  to  justify  consideration.  However,  recent  improvements  on  sections 
of  line  from  90  to  175  miles  in  length  which  effected  savings  of  50  to  100  train-hours 
per  day  have  caused  some  railways  to  give  consideration  to  the  number  of  locomotives 
saved  by  the  improved  train  operation.  The  locomotive  day  has  usually  been  based  on 
24  hours,  although  the  locomotive  is  actually  in  road  use  only  a  portion  of  the  day,  and 
the  savings  have  been  calculated  on  the  number  of  locomotives  on  the  road  per  day 
rather  than  the  number  provided  in  the  division  pool  to  protect  the  service. 

Typical  examples  of  several  formulas  are  as  follows: 

1.  Formula  Based  on  Average  Speed 

Let      LFO  c=  30  locomotives,  former  operation 
V=  15.2  m.p.h.  speed,  former  operation 
v  =  17.2  m.p.h.  speed,  improved  operation 
LIO  =  locomotives,  improved  operation 
LFO-LIO  =  locomotives  saved 

Then  LF0  X  V=LIO  or  30  X  15-2  =  26,5l 
v  17.2 

or  30  —  26.51  =3.49  locomotives  saved. 

2.  Formula  Based  on  Train-Hours  Saved  per  Trip 

Let  r=  10.5  hours,  road  time,  former  operation 

t  =  8.5  hours,  road  time,  improved  operation 
T-t  b=  2  hours  saved  per  trip,  based  on  30  freight  trains  per  day  and  a 
24-hour  locomotive  day 
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Then  30  X  2  =  60  locomotive-hours  saved  per  day 

—  =  2.S  locomotives  saved. 
24 

3.  Formula  Based  on  Train-Hours  Saved  per  Day 

24-Hour  Locomotive  Day 

Let     THD  =  60  train-hours  saved  per  day 
LD  =  24-hour  locomotive  day 

THD 

Then =  locomotives  saved 

LD 

or  — —  =  2.S  locomotives  saved. 
24 

4.  Formula  Based  on  Train-Hours  Saved  per  Day 

18-Hour  Locomotive  Day 

Let     THD  =  60  train-hours  saved  per  day 

LD—  18-hour  locomotive  day,  road  time 

THD 

Then =  locomotives  saved 

LD 

or  -—  =  3.33  locomotives  saved. 
18 

If  the  average  road  time  per  locomotive  is  10  hours  and  the  average  terminal  time 
for  servicing,  etc.,  is  8  hours,  the  locomotive  day  is  based  on  18  hours  rather  than  the 
24  hours  used  in  the  second  and  third  formulas. 

The  committee  submits  the  four  formulas  as  information  only,  as  it  is  reviewing  the 
available  subject  matter  and  proposes  to  submit  a  recommended  formula  for  determining 
the  locomotive  saving  resulting  from  improved  train  operation. 

Car  Saving 

The  generally  accepted  formula  for  the  car  saving  effected  by  improved  train  opera- 
tion is  based  on  the  train-hours  saved  per  day  and  the  average  number  of  cars  per  train. 

Formula  for  Car  Saving 

Let     THD  =  60  train-hours  saved  per  day 
CT  =  SO  cars  per  train 
CS  =  cars  saved  per  day 

ThenTHDXCTi  =  Cs 

24 

or    6°X  50  =125  cars  saved  per  day. 
24 


Report  on  Assignment  4 

Effect  of  Volume  of  Traffic  on  Railway  Operating  Expenses 
Collaborating  with  Committee  22 — Economics  of  Railway  Labor 

J.  F.  Pringle  (chairman,  subcommittee),  L.  W.  Althof,  C.  H.  Blackman,  S.  B.  Clement, 
J.  V.  Dillabough,  C.  H.  R.  Howe,  R.  W.  Rogers,  H.  A.  Shinkle,  H.  M.  Stout,  J.  E. 
Teal,  J.  S.  Worley. 

This  is  a  final  report,  presented  as  information. 

Railway  accounting  divides  operating  expenses  into  six  general  accounts  as  follows: 
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Approximate 
Percentage  of 
Total  Operating 
General  Account  Expense 

1.  Maintenance  of  way  and  structures   17 

2.  Maintenance  of  equipment  28 

3.  Traffic  4 

4.  Transportation    47 

5.  Miscellaneous  operations 1 

6.  General  3 

Total    100 

The  percentages  given  are  approximate  only.  They  will  vary  on  different  properties 
and  from  year  to  year  on  the  same  property  depending  on  the  volume  of  traffic  and 
managerial  policy,  but  general  accounts  1,  2  and  4  will  usually  be  found  to  represent  at 
least  90  percent  of  the  total  expense. 

This  committee  has  in  prior  years  reported  on 

1.  The  effect  of  traffic  density  on  maintenance  of  way  and  structures  expense, 
Manual,  page  21-9. 

2.  The  effect  of  volume  of  traffic  on  transportation  expense,  Proceedings,  Vol.  42, 
page  SO. 

This  year  the  committee  submits  a  method  of  determining  the  effect  of  volume  of 
traffic  on  maintenance  of  equipment  expense. 

The  method  used  follows  that  agreed  upon  between  the  United  States  Railroad 
Administration  and  the  railroads  in  final  settlement  under  the  Transportation  Act  of 
1920,  which  method  recognized  the  principle  that  maintenance  of  equipment  expense 
does  not  vary  directly  with  traffic  density  or  use.  The  use  factor  has  been  altered  to 
conform  to  modern  equipment. 

The  common  measure  of  volume  of  railway  traffic  is  gross  revenue.  The  first  step  in 
estimating  the  effect  of  variation  in  gross  revenue  upon  maintenance  of  equipment  ex- 
pense is  to  relate  gross  revenue  to  units  that  can  be  used  to  measure  maintenance  of 
equipment  expense  as  expressed  in  the  primary  accounts  of  general  account  No.  2,  main- 
tenance of  equipment. 

Railway  revenues,  for  the  purpose  of  this  study,  may  be  divided  thus: 

1.  Freight  revenue,  including  switching 

2.  Passenger  revenue,  including  mail  and  express 

3.  All  other 

For  the  Class  I  railroads  of  the  United  States  and  Canada,  group  1  (freight)  repre- 
sents approximately  82  percent,  group  2  (passenger)  14  percent,  and  group  3  (all  other) 
4  percent.  It  is  recognized  that  these  percentages  will  vary  on  different  properties  and 
from  year  to  year  on  the  same  property,  but  group  3,  all  other  revenue,  is  always  small 
as  compared  with  freight  and  passenger  revenues.  Therefore,  if  the  study  is  confined  to 
the  effect  of  variations  in  freight  and  passenger  revenues,  any  error  due  to  neglect  of 
other  revenue  will  be  negligible.  The  relationship  between  freight  and  passenger  revenue 
shows  considerable  variation  on  different  railways  and  as  this  relationship  has  consider- 
able effect  on  operating  expenses,  it  must  be  determined  for  the  particular  property  and 
periods  under  consideration. 

The  units  of  measure  of  use  for  maintenance  of  equipment  are: 
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1.  Locomotive  tons-miles  per  ton  of  locomotive  owned  or  leased  and  maintained 
in  service 

2.  Freight  train  car-miles  per  car  owned  or  leased  and  maintained  in  service 

3.  Passenger  train  car-miles  per  car  owned  or  leased  and  maintained  in  service 

4.  Boat  ton-miles  per  ton  of  boat  maintained  in  service 

Exhibit  1  with  notes  affords  a  convenient  method  of  relating  gross  revenue  and 
maintenance  of  equipment  units. 

Exhibit  1. — Selected  Test  Period  and  Estimated  Earning  and  Maintenance  Units 

Amount 
Selected 

Test         Estimate 
Period         Period 
Item     Description  A  B 

1  Freight  revenue  

2  Passenger  revenue  

3  Other  revenue    

4  Total  Revenue  

5  Freight  train-miles   

6  Passenger  train-miles    

7  Switching-miles   

8  Locomotive-miles   

9  Tons  locomotives  maintained  

10  Locomotive  ton-miles 

1 1  Freight  train  car-miles 

12  Passenger  train  car-miles   

Notes:   (1)  The  report  of  the  committee,  Proceedings,  Vol.  42,  page  50,  gave  methods  of  estimating 
items  5,  6,  7,  11  and  12.  The  relationship  between  the  total  of  items  5,  6,  and  7,  and 
8  established  for  the  selected  test  period  may  be  used  for  the  estimate  period. 
(2)  Locomotive    ton-miles   is    the   product   of   locomotive-miles   and   the   average    weight    of 
locomotives  in  service  (exclusive  of  tender). 

Having  determined  the  maintenance  of  equipment  units  for  the  selected  test  period 
and  the  period  for  which  the  estimate  is  required,  called  for  convenience  the  estimate 
period,  it  is  necessary  to  estimate  the  effect  of  variations  in  volume  of  these  units  on  the 
primary  accounts  of  the  maintenance  of  equipment  group  of  expenses. 

For  convenience  the  primary  accounts  may  be  grouped  as  shown  on  the  opposite  page. 

The  following  indicates  for  each  group  the  unit  of  measure  and  the  method  to  be 
followed  in  determining  the  probable  variation  in  expenses  with  relation  to  the  unit: 

Group  1.  Steam  and  Other  Locomotive  Repairs. — This  group  includes  the  cost  of 
repairs  to  steam  and  other  locomotives  used  in  transportation  service,  both  at  main  and 
back  shops.  The  unit  of  measure  of  use  is  the  locomotive  ton-miles  per  ton  of  locomotive 
maintained  in  service.  Ninety  percent  of  the  maintenance  expense  varies  with  use.  The 
United  States  Railroad  Administration  in  its  settlement  with  the  railroads  in  1921 
accepted  the  figure  of  80  percent  as  the  amount  that  locomotive  repairs  varied  with  use. 
Since  that  date  the  number  of  specialties  applied  to  locomotives  has  been  increased  and 
there  has  been  a  marked  improvement  in  materials  and  methods.  For  these  reasons  the 
percentage  of  repairs  due  to  use  has  been  increased  to  90  percent.  For  convenience,  steam 
and  other  locomotives  have  been  grouped.  On  roads  where  a  large  proportion  of  the 
total  power  is  Diesel  or  electric,  it  may  be  convenient  or  necessary  to  set  up  the  different 
classes  separately. 

Exhibit  2  has  been  set  up  as  a  convenient  method  of  calculating  the  variation  in 
expense  with  volume. 
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Maintenance  of  Equipment  Expense — Grouping  of  Accounts 

Approximate 
Percent  of 
Accounts  Total  M  of  E 

Group       Included  Designation  Expense 

Repairs 

1  308-311  Locomotive  repairs  34 

2  314  Freight  train  car  repairs  26 

3  317  Passenger  train  car  repairs  7 

4  320  Motor  equipment  of  cars  repairs 

5  323  Floating  equipment  repairs 1 

6  326  Work  equipment  repairs   2 

7  328  Miscellaneous  equipment  repairs 

8  302,304,306     Shop,  power  plant  &  substation  machinery  repairs . .       2 

Total  Repairs 72 

Supervision  and  Miscellaneous 

9  301-332      I 

333-^334      [      Supervision  and  miscellaneous  4 

335  J  — 

4 
Equipment  Depreciation 

10  r     Locomotive  depreciation   

_,1  I      Freight  train  car  depreciation   22 

1      Passenger  train  car  depreciation  

I      Other  equipment  depreciation   

303, 305  Shop,  power  plant  &  substation  machinery 1 

Total  Depredation   23 

Equipment  Retirements 

Locomotive  retirements  

Freight  train  car  retirements  1 


11  329,330     \      **"5"-  «««-«» 

'  Passenger  tram  car  retirements 

Other  equipment  retirements 

Total  Retirements  1 

Joint  Facilities 

12  336  Maintaining  joint  equipment  at  terminals  Dr 

337  Cr 

Net  Joint  Facilities 

Grand  Total  100 


Note: — The  approximate  percentages  given  are  average  figures  determined  from  an  examination  of 
the  accounts  of  Class  I  railroads  of  the  United  States  and  Canadian  Railways.  They  will  in  practice  be 
found  to  vary  on  different  properties  and  from  year  to  year  on  the  same  property,  and  in  using  this 
formula  the  percentages  must  be  determined  for  the  particular  property  being  examined.  The  test  period 
should  be  as  long  as  possible  to  allow  for  annual  fluctuations  and  allowance  should  also  be  made  for 
the  well-known  fact  that  with  falling  revenues  there  will  be  a  greater  proportional  decrease  in  maintenance 
of  equipment  expense  than  with  increasing  revenues  due  to  the  fact  that  equipment  is  usually  in  better 
condition  at  the  end  of  a  period  of  rising  revenues  than  at  the  end  of  a  period  of  falling  revenues. 
Managerial  policy  is  also  an  important  factor. 

Group  2.  Freight  Train  Car  Repairs. — This  account  includes  the  cost  of  repairs  to 
freight  train  cars  used  in  transportation  service  whether  performed  at  main  shops  or  on 
"rip  tracks".  It  also  includes  the  cost  of  repairing  owner's  defects  on  cars  off  line.  The 
unit  of  measure  of  use  is  car-miles  per  car  whether  the  mileage  is  made  "on  line"  or  "off 
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Exhibit  2. — Maintenance  of  Equipment  Accounts  308  and  311 — Steam  and  Other 

Locomotive  Repairs 

Variation  in  Cost  with  Use 

Amount 
Selected 

Test         Estimate 
Period         Period 
Item     Description  A  B 

1  Amount  of  accounts  308  and  311,  selected  test  period 

2  Tons  of  owned  or  leased  locomotives  maintained  (exclusive  of 
tenders)    

3  Locomotive  ton-miles  (exclusive  of  tenders)   

4  Locomotive  ton-miles  per  ton  of  locomotive  

(Item  3  -=-  Item  2) 

5  Difference  in  use  

(Item  4 A  — Item  4B) 

6  Ratio    

(Item  5  -=-  Item  4 A) 

7  Adjustment  factor,  90%  of  item  6 

8  Maintenance  cost  per  ton  of  locomotive  maintained,  selected 
test  period 

(Item  1A-^  Item  2A) 

9  Maintenance  cost  per  ton  of  locomotive  maintained,  estimate 
period    

(Item  8  +  or  —  Item  8  X  Item  7) 

10        Estimated  amount  of  accounts  308  and  311  

(Item  2B  X  Item  9) 

Notes:   (1)  Unit  of   measure  of   use:  Locomotive  ton-miles  per   ton   of  locomotive  owned   or   leased 
and  maintained  in  service. 

(2)  Measure  of  difference  in  use:  Ratio  of  the  difference  in  locomotive  ton-miles  per  ton 
of  locomotive  in  the  respective  periods  to  the  locomotive  ton-miles  per  ton  of  locomotive 
in  the  selected  test  period. 

(3)  Variation  with  use:  90  percent. 

line".  The  variation  of  maintenance  expense  with  use  is  dependent  upon  the  type  of  car, 
being  approximately  70  percent  for  composite  cars  and  80  percent  for  all  steel  cars; 
75  percent  has  been  taken  as  an  average.  The  United  States  Railroad  Administration  in 
its  settlement  with  the  railroads  in  1921  accepted  the  figure  of  60  percent  as  the  amount 
that  freight  train  car  repairs  varied  with  use.  Since  that  date  wood  freight  cars  have  been 
largely  replaced  by  composite  and  all  steel  cars.  Allowance  has  been  made  for  this  change 
by  increasing  the  percentage  to  70  percent  for  composite  cars  and  80  percent  for  all 
steel  cars. 

Exhibit  3  has  been  set  up  as  a  convenient  method  of  calculating  variation  in  expense 
with  volume. 

Group  3.  Passenger  Train  Car  Repairs. — This  account  includes  the  cost  of  repairs 
to  passenger  train  cars  used  in  transportation  revenue  service  whether  performed  at  main 
shops  or  on  "rip  tracks".  It  also  includes  the  cost  of  repairing  owner's  defects  of  cars  off 
line.  Whether  the  cost  of  repairing  Pullman  cars  is  included  depends  on  contractual  obli- 
gations. The  unit  of  measure  of  use  is  the  passenger  train  car-miles  per  passenger  car  main- 
tained in  service.  The  United  States  Railroad  Administration  in  its  settlement  with  the 
railroads  in  1921  accepted  the  figure  of  60  percent  as  the  amount  that  passenger  train 
car  repairs  varied  with  use.  Since  that  date  the  majority  of  wood  cars  have  been  replaced 
by  composite  cars  or  all  steel  cars  and  80  percent  has  been  adopted  as  the  use  factor  for 
the  purpose  of  this  report. 

Exhibit  4  has  been  set  up  as  a  convenient  method  of  calculating  variations  of  expense 
with  volume. 
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Exhibit  3. — Maintenance  of  Equipment  Account  314 — Freight  Train  Car  Repairs 
Variation  tn  Cost  with  Use 

Amount 
Selected 

Test         Estimate 
Period  Period 

Item      Description  A  B 

1  Amount  of  account  314,  freight  train  car  repairs,  selected  test 
period    

2  Average  number  of  freight  train  cars  on  line   

3  Car-miles    

4  Car-miles  per  car  on  line   

(Item  3  -=-  Item  2) 

5  Car-miles  per  car,  country  at  large 

6  Average  number  of  freight  cars  owned  

7  Average  number  of  freight  cars  owned  used  on  line 

8  Average  number  of  freight  cars  owned  used  off  line   

9  Car-miles  owned  cars  on  line 

(Item  4  X  Item  7) 

10  Car-miles  owned  cars  off  line  

(Item  5  X  Item  8) 

1 1  Car-miles  all  owned  cars 

(Item  9  +  Item  10) 

12  Car-miles  per  owned  car  

(Item  11-=-  Item  6) 

13  Difference  in  use  

(Item  12A  — Item  12B) 

14  Ratio    

(Item  13  -f-  Item  12A) 

15  Adjustment  factor 

(75%  of  Item  14) 

16  Maintenance  cost  per  car  owned,  selected  test  period 

(Item  1  -f-  Item  6) 

17  Maintenance  cost  per  car  owned,  estimate  period  

(Item  16  +  or  —  Item  16  X  Item  15) 

18  Estimated  amount  of  account  314,  freight  train  car  repairs, 
estimate  period 

(Item  17  X  Item  6B) 

Notes:   (1)  Unit  of  measure  of  use:  Freight  train  car-miles  per  car  owned  or  leased  and  maintained 
in  service. 

(2)  Measure  of  difference  in  use:  Ratio  of  the  difference  in  car-miles  per  car  in  the  respec- 
tive periods  to  the  car-miles  in  the  selected  test  period. 

(3)  Variation  with  use:  (70  percent  for  composite  cars,  80  percent  for  all  steel — 75  percent 
average) . 

(4)  The  above  method  recognizes  the  difference  between  car-miles  per  car  made  "on  line" 
and  "off  line".  If  there  is  no  material  difference  in  these  mileages,  it  will  simplify  the 
calculations  to  use  the  same  method  as  shown  in  Exhibit  4 — Passenger  Train  Car  Repairs. 

Group  4.  Motor  Equipment  of  Cars — Repairs. — This  account  includes  the  cost  of 
repairing  motor  equipment  affixed  to  cars,  and  is  only  of  importance  on  roads  having  a 
large  number  of  self-propelled  units.  If  necessary  the  same  units,  variation  with  use  and 
methods  as  in  the  case  of  passenger  cars,  can  be  used  in  calculating  variation  of  expense 
with  volume. 

Group  5.  Floating  Equipment  Repairs. — This  group  includes  cost  of  repairing  float- 
ing equipment,  including  appurtenances  used  in  transportation  service.  The  unit  of 
measure  of  use  is  boat  ton-miles  per  ton  of  boat  maintained  in  service.  Fifty  percent  of 
the  maintenance  expense  varies  with  use.  The  method  given  for  estimating  locomotive 
repairs  may  be  used.  On  the  majority  of  roads  it  is  of  minor  importance. 
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Exhibit  4. — Maintenance  of  Equipment  Account  317 — Passenger  Train  Car  Repairs 
Variation  in  Cost  with  Use 

Amount 
Selected 

Test         Estimate 
Period         Period 
Item     Description  A  B 

1  Amount  of  account  317,  selected  test  period 

2  Cars  maintained  in  service  

3  Passenger  train  car-miles  of  cars  maintained  in  service 

4  Car-miles  per  car 

(Item  3-=-  Item  2) 

5  Difference  in  use 

(Item  4  A  — Item  4B) 

6  Ratio    

(Item  5  -f-  Item  4A) 

7  Adjustment  factor 

(80%  of  Item  6) 

8  Maintenance  cost  per  car  owned  and  maintained,  selected  test 
period    

9  Maintenance  cost  per  car  owned  and  maintained,   estimate 
period   . 

(Item  8  +  or  —  Item  8  X  Item  7) 

10        Estimated  amount  of  account  317,  estimate  period 

(Item  2B  X  Item  9) 

Notes:   (1)  Unit  of  measure  of  use:  Passenger   train  car-miles  per  car  owned  or  leased  and  main- 
tained in  service. 

(2)  Measure  of  difference  in  use:  Ratio  of  the  difference  in  passenger  train  car-miles  per  car 
in  the  respective  periods  to  the  passenger  train  car-miles  in  the  selected  test  period. 

(3)  Variation  with  use:  80  percent. 

Group  6.  Work  Equipment  Repairs. — This  group  includes  the  cost  of  repairing  work 
equipment  such  as  cranes,  rail  laying  machines,  tamping  machines,  etc.  The  unit  of 
measure  of  use  and  the  measure  of  difference  in  use  is  the  same  as  in  maintenance  of 
way  and  structures.  No  material  error  will  result  in  estimating  the  variation  as  34  per- 
cent of  the  variation  in  gross  ton  miles. 

Group  7.  Miscellaneous  Equipment  Repairs*. — This  group  includes  the  repair  of  mis- 
cellaneous equipment  such  as  automobiles,  trucks,  and  other  highway  vehicles.  The  unit 
of  measure  of  use  is  the  vehicle-mile  per  ton  of  vehicle.  The  measure  of  difference  in 
use  is  75  percent.  The  method  given  for  estimating  locomotive  repairs  may  be  used  but 
it  is  generally  of  minor  importance. 

Group  8.  Shop,  Power  Plant  and  Substation  Machinery  Repairs.  This  group  includes 
the  cost  of  repairing  machinery  in  shops,  engine  houses,  power  plants,  and  substations. 
It  may  be  assumed  that  this  group  will  vary  to  the  same  extent  as  the  average  of  other 
equipment  repairs. 

Group  9.  Supervision  and  Miscellaneous. — The  variation  of  this  group  may  be  taken 
as  25  percent  of  the  variation  in  gross  revenue. 

Group  10.  Equipment  Depreciation. — This  group  includes  depreciation  of  all  mechan- 
ical equipment  whether  moving  or  fixed.  It  is  not  affected  by  volume  of  traffic  but  is 
entirely  dependent  upon  the  value  of  such  equipment  and  the  rate  of  depreciation 
allowed.  These  factors  for  the  selected  test  period  and  estimate  period  must  be  found  and 
estimated  for  the  particular  property  under  consideration. 


*  The  effect  of  use  on  the  other  repair  groups,  except  work  equipment,  has  been  estimated  as 
shown  above.  As  these  groups  only  account  for  from  three  to  four  percent  of  maintenance  of  equipment 
expense,  the  percentage  allowed  for  variation  with  use  has  very  little  influence  on  the  final  result. 
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Group  11.  Equipment  Retirements. — This  group  includes  the  retirement  of  moving 
equipment.  This  expense  is  not  affected  by  volume  of  traffic  but  is  dependent  upon  the 
policy  of  the  management  and  the  amount  previously  set  up  for  depreciation.  It  will 
usually  be  found  to  increase  with  gross  revenue  and  may  be  taken  as  25  percent  of  the 
traffic  variation  as  measured  in  dollar  volume. 

Group  12.  Joint  Facilities. — The  variation  in  the  net  of  these  accounts  depends  on 
specific  conditions  on  each  property.  No  general  rule  can  be  set  up  but  each  case  must 
be  considered  on  its  merits. 


Report  on  Assignment  6 

Effect  of  Rail  Lubrication  on  Train  Operation 
Collaborating  with  Committee  5 — Track 

H.  M.  Shepard  (chairman,  subcommittee),  L.  W.  Althof,  S.  B.  Clement,  C.  H.  R.  Howe, 
Clark  Hungerford,  Fred  Lavis,  F.  N.  Nye,  H.  R.  Peterson,  J.  W.  Porter,  R.  W. 
Rogers,  H.  M.  Tremaine. 

This  report  is  submitted  as  information  with  the  request  that  the  subject  be  discon- 
tinued until  such  time  as  further  dynamometer  car  tests  may  be  available  for  analysis. 

Your  committee  made  an  introductory  statement  on  the  effect  of  rail  lubrication  in 
the  Proceedings,  Vol.  40,  page  166,  and  gave  an  account  of  dynamometer  tests  on  the 
Denver  &  Salt  Lake  Railway  in  1939,  Proceedings,  Vol.  41,  page  151.  These  tests  were 
made  on  some  45  miles  of  track,  nearly  half  of  which  average  slightly  over  6  deg.  of 
curvature  and  which  for  the  greater  part  of  the  distance  are  laid  to  a  2  percent  grade, 
compensated  for  curvature  at  the  rate  of  0.035  percent  per  degree  of  curve.  The  elevation 
of  the  track  rises  approximately  3,775  ft.  within  the  test  limits.  The  tests  were  made 
before  and  after  the  installation  of  14  mechanical  lubricators,  and  in  all  cases  the  same 
test  train  was  used. 

The  tests  indicated  that  these  rail  and  flange  lubricators,  properly  located  and 
properly  functioning,  reduced  curve  resistance  approximately  50  percent.  As  a  result  it 
was  concluded  that  this  would,  of  necessity,  decrease  train  resistance  and  bring  about 
increase  in  tonnage  ratings  where  the  grade  on  the  curves  controls  the  train  load. 

In  designing  a  new  location  or  revising  existing  grades,  when  it  is  known  that  efficient 
rail  lubrication  on  curves  will  be  installed  and  maintained,  consideration  may  be  given 
to  anticipated  reductions  of  curve  resistance  by  the  lubrication,  the  tests  indicating  that, 
with  proper  lubrication,  the  commonly  accepted  compensation  of  0.04  percent  of  grade 
per  degree  of  curvature  may  be  substantially  reduced. 

Before  concluding  the  subject  Committee  16  attempted  to  assess,  by  means  of  a 
questionnaire  addressed  to  25  of  the  principal  railroads  which  had  lubricated  their  tracks, 
the  operating  advantages  accruing  from  mechanical  lubrication  of  curves.  The  replies  to 
this  questionnaire  revealed  that  only  one  of  these  roads,  other  than  the  Denver  &  Salt 
Lake,  had  made  dynamometer  car  tests.  Its  tests  were  made  in  1927  and  were  negative 
insofar  as  showing  decreased  train  resistance  on  the  lubricated  track. 

However,  the  Denver  &  Salt  Lake  has  confirmed  the  findings  made  on  the  dynamo- 
meter car  tests  of  1939  by  its  subsequent  operating  experience,  and  it  may  be  assumed 
that  with  lubricators  of  modern  design  more  satisfactory  results  can  be  obtained  than 
with  equipment  available  in  1927.  Moreover,  several  roads  were  of  the  opinion  that  train 
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resistance  was  diminished  through  rail  lubrication  and  that  as  a  result  some  increase  in 
tonnage  was  feasible  and/or  some  reduction  in  fuel  and  water  consumption  was  secured, 
although  it  was  generally  felt  that  these  specific  advantages  could  not  be  precisely  eval- 
uated due  in  part  to  concurrent  improvement  in  the  track  structure  and  to  the  increase 
in  power  and  efficiency  of  locomotives  during  the  period  when  lubricator  installations 
were  made. 

Where  grades  had  previously  been  compensated  for  curvature,  such  curvature  and 
grade,  it  was  felt  by  some  roads,  were  not  of  controlling  importance  in  determining 
tonnage  rating,  and  the  advantages  accruing  from  lubrication  were  to  be  found  in  de- 
creased fuel  consumption,  acceleration  of  the  trains  while  on  the  curves  and  a  reduction 
in  the  hazard  of  derailments. 

Virtually  all  roads  were  agreed  that  the  installation  of  mechanical  rail  lubricators 
was  economically  justified,  if  for  no  other  reason,  by  the  reduced  wear  of  rail  on  curves 
and  on  wheel  flanges,  particularly  on  locomotive  drivers. 

Committee  16,  as  a  result  of  th's  questionnaire,  feels  that  its  previous  conclusion,  as 
stated  in  the  Proceedings,  Vol.  41,  page  154,  is  sound  although  the  practical  determina- 
tion of  the  increase  in  tonnage  ratings  must  be  predicated  on  local  operating  experience. 


Report  on  Assignment  8 

Effect  of  Speeds  in  Excess  of  75  Miles  Per  Hour  on  the 
Economics  of  Railway  Location 

C.  W.  Breed  (chairman,  subcommittee),  B.  T.  Anderson,  S.  E.  Armstrong,  J.  W.  Bar- 
riger,  III,  F.  W.  Droste,  J.  H.  Dyer,  M.  F.  Mannion,  L.  G.  Morphy,  J.  R.  Nagel, 
J.  A.  Schoch,  H.  W.  Snyder,  H.  M.  Tremaine. 

Two  years  ago  (Proceedings,  Vol.  41,  pages  159  to  163)  your  committee  presented 
as  information  a  report  containing  the  procedure  for  plotting  the  velocity  profile  of  a 
train  on  the  engineering  profile  of  located  or  relocated  lines,  whereby  its  performance 
might  be  shown  graphically.  This  report,  with  minor  changes  and  additions,  is  sub- 
mitted this  year  with  the  recommendation  that  it  be  adopted  and  published  in  the  Manual. 

METHOD  FOR  PLOTTING  A  VELOCITY  PROFILE 

From  a  study  of  the  velocity  profile,  the  engineer  may  determine  which  of  two  or 
more  lines  is  essentially  better  for  the  desired  train  performance  as  to  speed,  tonnage,  etc. 
Problems  of  operation,  such  as  kind  of  locomotive  necessary  to  haul  the  desired  tonnage 
at  the  desired  speed  over  a  division  or  district,  or  between  terminals  of  an  existing  line, 
may  be  solved  quickly  and  accurately  by  the  use  of  the  velocity  profile.  It  provides 
means  for  determining  the  time  between  any  two  points,  the  total  elapsed  time,  and  the 
average  time.  The  method  is  equally  applicable  to  steam  or  Diesel-electric  passenger  or 
freight  trains.  The  accuracy  of  velocity  profile  procedure  for  the  purposes  above  indi- 
cated has  been  proved  by  actual  train  performance  and  by  dynamometer  tests. 

In  the  illustrations  that  follow,  the  train  consists  of  a  4-6-4  steam  locomotive  with 
tender  two-thirds  full,  weighing  334  tons,  and  ten  70-ft.  streamlined  cars,  with  4  axles 
per  car,  weighing  500  tons.  The  locomotive  has  47,700-lb.  rated  tractive  effort. 

The  first  step  of  the  method  is  the  preparation  of  Table  1. 
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Table  I 

Drawbar 

Resistance  of  Cars 

Acceleration 

Pull 

on  Level  Track 

Accelerating  Force 

Grade 

Velocity 

MJ>.H. 

Lb. 

Lb.  per  Ton    Lb. 

Lb.    . 

Lb.  per  Ton 

Percent 

Head 

0 

52,618 

3.62 

1,810 

50,808 

60.92 

5 

50,558 

3.79 

1,895 

48,663 

58.35 

2.92 

0.89 

10 

46,145 

4.00 

2,000 

44,145 

52.93 

2.65 

3.55 

15 

42,051 

4.24 

2,120 

39,931 

47.88 

2.39 

7.99 

20 

38,610 

4.53 

2,265 

36,345 

43.58 

2.18 

14.20 

25 

35,725 

4.85 

2,425 

33,300 

39.93 

2.00 

22.20 

30 

33,065 

5.21 

2,605 

30,460 

36.52 

1.83 

31.95 

35 

30,770 

5.61 

2,805 

27,965 

33.53 

1.68 

43.49 

40 

28,705 

6.05 

3,025 

25,680 

30.79 

1.54 

56.80 

45 

26,665 

6.53 

3,265 

23,400 

28.08 

1.40 

71.89 

50 

24,755 

7.04 

3,520 

21,235 

25.46 

1.27 

88.75 

55 

22,916 

7.60 

3,800 

19,116 

22.92 

1.15 

107.39 

60 

21,127 

8.19 

4,095 

17,032 

20.42 

1.02 

127.80 

65 

19,515 

8.82 

4,410 

15,105 

18.11 

0.91 

150.00 

70 

18,077 

9.49 

4,745 

13,332 

15.99 

0.80 

173.95 

75 

16,627 

10.20 

5,100 

11,527 

13.82 

0.69 

199.69 

80 

15,256 

10.94 

5,470 

9,786 

11.73 

0.59 

227.20 

85 

13,920 

11.73 

5,865 

8,055 

9.66 

0.48 

256.48 

90 

12,665 

12.55 

6,275 

6,390 

7.66 

0.38 

287.55 

95 

11,538 

13.41 

6,705 

4,833 

5.79 

0.29 

320.38 

100 

10,450 

14.31 

7,155 

3,295 

3.95 

0.20 

355.00 

In  column  1,  speeds  in  miles  per  hour  are  set  down  from  zero  to  the  maximum 
speed,  in  increments  of  five  miles  per  hour. 

Column  2  contains  the  drawbar  pull  (driver  tractive  effort  minus  locomotive  re- 
sistance). 

In  columns  3  and  4  are  shown  passenger  car  resistances  calculated  from  the  Davis 
formula. 

Column  5  contains  the  acceleration  force  for  various  speeds,  which  is  found  by 
deducting  car  resistance  from  drawbar  pull. 

Column  6  shows  acceleration  force  reduced  to  pounds  per  ton.  It  is  obtained  by 
dividing  the  total  available  power  in  pounds  by  the  number  of  tons  weight  of  the  loco- 
motive and  cars. 

In  column  7,  acceleration  grade  percent  is  calculated  by  dividing  the  pounds  per  ton 
(column  6)  by  20.  (Grade  resistance  equals  20  lb.  per  ton.) 

Column  8  is  computed  from  the  formula: 

Velocity  head  —  t.  in  ft  Per  sec-  =  1-467F  (in  miles  per  hour)   _ 0.033445P 

64.32  64.32 

Where  v  =  train  speed  (ft.  per  sec.)  and  V  =  train  speed  m.p.h. 

To  which  add  6.14  percent  for  rotative  energy  of  the  wheels  = 0.002055F2 

Giving  as  the  final  formula  by  which  the  table  is  computed,  velocity  head  =  0.035500F2 

With  the  data  in  columns  7  and  8,  the  plotting  of  the  velocity  profile  can  now  proceed. 
In  plotting  a  velocity  profile  grade  from  any  point,  the  grade  for  the  next  higher  speed 
is  always  plotted.  For  instance,  being  at  the  15  m.p.h.  point  and  accelerating  toward 
20  m.p.h.,  the  grade  of  20  m.p.h.  is  plotted.  In  decelerating  due  to  the  application  of 
brakes,  the  braking  curve  for  the  particular  train  should  be  plotted.  Fig.  1  is  a  portion 
of  ordinary  plate  "A"  profile  (reduced  in  scale)  in  which  the  five-foot  horizontal  fines 
are  shown  and  the  intermediate  foot  lines  are  omitted.    From  point  "O"  the  train  is 
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moving  toward  5  m.p.h.  Table  1  indicates  an  acceleration  grade  of  2.92  percent  toward 
5  m.p.h.  Lay  off  a  2.92-percent  grade  from  zero  and  proceed  along  this  grade  to  the 
point  where  the  vertical  distance  between  the  actual  grade  and  the  velocity  grade  is 
0.89  ft.  velocity  head  of  5  m.p.h.  At  that  point  S  m.p.h.  will  have  been  reached,  and  the 
train  is  proceeding  toward  10  m.p.h.  so  that  from  this  point  lay  off  a  grade  of  2.65  per- 
cent and  proceed  on  it  until  the  vertical  distance  between  the  actual  profile  and  the 
velocity  profile  is  3.55  ft.  velocity  head  of  10  m.p.h.  This  step-by-step  procedure  con- 
tinues to  the  point  where  the  maximum  speed  is  reached.  Fig.  1  shows  how  the  velocity 
profile  may  be  plotted  without  the  use  of  a  templet.  This  method  is  tedious.  Much  time 
can  be  saved  by  the  use  of  a  templet  such  as  shown  in  Fig.  3. 

Fig.  2  was  made  to  show  a  more  extensive  operation.  It  shows  the  velocity  profile 
for  a  locomotive  and  train  for  a  study  which,  in  order  to  include  considerable  mileage 
as  an  illustration,  is  drawn  to  a  more  distorted  scale.  The  performance  indicated  by  the 
velocity  profile  is  of  a  train  accelerating  to  97  m.p.h.,  then  braking,  because  of  the  need 
for  reducing  the  speed  for  sharp  curvature,  to  70  m.p.h.,  then  accelerating  again  to  85 
m.p.h.  The  plotting  of  this  velocity  profile  was  done  with  the  use  of  the  templet  shown 
in  Fig.  3. 

Templets  should  be  made  of  transparent  material  with  good  wearing  quality,  such 
as  transparent  celluloid.  Convenient  sizes  are  7  in.  to  8  in.  by  11  in.  to  12  in.  It  is  sug- 
gested that  the  templet  be  drawn  first  on  hard  paper,  then  traced  with  India  ink  on  the 
transparent  material.  After  the  ink  lines  have  dried,  they  should  be  covered  with  col- 
lodion to  prevent  smudging  or  wear. 

Templets  are  made  to  the  scale  of  the  profile  to  be  used.  Greater  accuracy  and  detail 
are  possible  with  the  use  of  an  engineering  profile  having  a  vertical  scale  of  1  in.  equals 
20  ft.,  and  a  horizontal  scale  of  1  in.  equals  400  ft.  Work  may  be  done  more  rapidly, 
however,  if  a  condensed  profile  is  used,  having,  for  instance,  a  vertical  scale  of  1  in. 
equals  50  ft.,  and  a  horizontal  scale  of  1  in.  equals  1  or  2  miles.  The  latter  scale  was 
chosen  for  Fig.  2,  because  of  the  desirability  of  showing  train  performance  over  several 
miles  in  a  small  space. 

The  method  of  laying  off  the  templet  is  the  same  regardless  of  scale  used.  A  notch 
should  be  made  in  the  upper  right  corner,  which  is  zero  of  the  acceleration  diagram,  and 
also  zero  or  the  point  of  beginning  in  plotting  velocity  grades. 

The  first  step  in  the  preparation  of  the  templet  is  to  lay  out  the  acceleration  grades 
for  each  5-mile  increment  of  speed  shown  in  the  upper  right-hand  portion  of  the  templet 
(Fig.  3).  This  should  be  done  to  give  about  three  inches  of  grade.  Lay  off  a  convenient 
length  in  the  upper  edge  of  the  templet  from  "O"  at  the  notch  in  the  upper  right  corner; 
in  the  illustration,  3  miles  or  15,840  ft.  is  drawn.  A  line  is  plotted  normal  to  the  upper 
edge  of  the  templet  through  this  point  having  a  length  (using  the  vertical  scale  of  the 
profile)  equal  to  the  tangent  of  the  acceleration  grade  multiplied  by  15,804  ft.  (0.0292 
X  15,840  ft.  equals  462.5  ft.) ;  then  the  triangle  is  completed  by  drawing  a  line  to  the 
point  of  beginning,  "O".  Along  this  last  line,  any  convenient  length  (about  3  in.  in  the 
example)  should  be  laid  off  and  marked,  "5  m.p.h."  The  acceleration  grade  lines  for 
speeds  to  100  m.p.h.  should  be  plotted  in  a  similar  manner.  Velocity  head  lines  expressed 
in  miles  per  hour  can  then  be  laid  off.  As  an  example  of  the  method  of  laying  out  these 
lines,  that  for  80  m.p.h.  is  shown. 

Draw  a  line  through  zero  at  right  angles  to  the  line  representing  the  miles  per  hour 
acceleration  grade  for  80  m.p.h.  as  shown  in  the  upper  right  corner  of  Fig.  2.  Lay  off 
the  velocity  head  for  80  m.p.h.,  227  ft.,  using  the  vertical  scale  of  the  profile. 

Through  this  227-ft.  point  and  parallel  to  the  top  of  the  templet,  draw  a  line,  as 
shown,  to  the  left  margin  of  the  templet  and  mark  80  m.p.h.  This  operation  is  continued 
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FIG     5  -SCALE    FOR  READING  EUPSED 
TIME    FROM    VELOCITY  PROFILES 

GRADUATIONS    INDICATE    FEET    OF    VELOCITY    HEAD 
EXPRESSED   IN   MINUTtS    OF   EUPSED   TIME 


FORKUIA  V.H;. 


31.95 
HINUTES  2 


V  H..  VELOCITY  HEAD   IN   FEET-  .0355  V2 

V.  VELOCITY    IN     MPH     s       MILE5  THEN 

._    a  HOURS 

V  H.i 


0355   MILES.2 


■..HOURS'  2 

IF  THE   TIME    IS    READ   EACH   HALF    MILE    AND    THE 
THE    TIME    EXPRESSED   IN    HINUTES  THE 
FORMULA   bECOHES 

.0355.'    0.50    -'60  '  31    95 

V  H.=- 


MINUTES    * 


.;  MINUTES. 


NOTE    In  USE   PLACE    LOWER  EDGE  Of  SCALE 
ON   GRADE    LINE   OF   TRACK,  THEN   READ 
MINUTES    OF  TIME    WHERE    EDGE  OF  SCALE 
INTERSECTS    VELOCITY  PROFILE 


until  all  velocity  head  lines  have  been  plotted  and  marked  with  proper  miles  per  hour. 
The  draft  of  the  templet  is  now  complete  and  ready  for  tracing  on  transparent  material. 

Fig.  4  is  a  portion  of  the  profile,  shown  in  Fig.  2,  on  which  is  superimposed  the 
templet  shown  in  Fig.  3,  for  the  purpose  of  illustrating  the  rapid  and  accurate  plotting 
of  velocity  profile  which  may  be  accomplished  by  its  use. 

To  use  the  templet,  the  procedure  is  as  follows:  The  templet  is  placed  on  the  actual 
profile  (as  shown  in  Fig.  4)  so  that  the  acceleration  grade  line  (upper  right  corner  of 
the  templet)  of  the  next  speed  to  be  attained  lies  on  any  horizontal  line  of  the  profile 
in  such  a  location  that  the  top  edge  of  the  templet  passes  through  the  point  indicating 
the  last  speed  attained.  A  line  along  the  top  edge  of  the  templet  is  drawn  of  random 
length.  When  the  templet  is  placed  in  this  position,  the  line  indicating  velocity  head 
expressed  in  miles  per  hour  intersects  the  grade  line  of  the  actual  profile  at  a  point  from 
which,  if  a  vertical  line  is  drawn  of  a  length  equal  to  the  velocity  head  of  the  next 
higher  speed,  it  will  intersect  a  line  drawn  along  the  top  edge  of  the  templet  at  the  point 
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of  the  next  higher  speed.  In  Fig.  4,  the  next  speed  is  85  m.p.h.  The  line  of  the  acceleration 
grade  of  85  m.p.h.  is  then  placed  on  the  horizontal  line  of  the  profile  in  such  a  position 
that  the  top  edge  of  the  templet  passes  through  80  m.p.h.  The  velocity  head  line  for 
85  m.p.h.  intersects  the  grade  line  of  the  actual  profile  at  a  point.  A  vertical  line  from 
this  point  256  ft.  long  intersects  the  top  edge  of  the  templet  at  the  85  m.p.h.  point. 
A  line  drawn  along  the  top  of  the  templet  to  this  point  completes  the  plotting  of  the 
velocity  profile  between  80  and  85  m.p.h. 

Drifting 

When  the  maximum  speed  is  approached  on  a  descending  track  grade,  the  train  is 
allowed  to  drift.  The  drifting  grade  is  equivalent  to  the  quotient  of  the  train  resistance 
in  pounds  per  ton  (column  3)  divided  by  20.  Usually  in  drifting  on  a  descending  grade, 
the  speed  will  increase,  which  may  require  braking  to  prevent  the  train  from  exceeding 
the  maximum  speed. 

Braking 

The  braking  distance  for  stops  or  reductions  in  speed  should  be  of  the  length  for 
service  stops  for  the  type  of  brake  in  use  on  train.  For  plotting  the  braking,  the  braking 
curve  for  the  particular  locomotive  and  cars  under  study  should  be  available. 

Fig.  5  is  a  scale  for  measuring  the  time  required  to  negotiate  each  mile  and,  by 
simply  summing  the  readings  it  is  possible  to  arrive  at  the  elapsed  time.  The  average 
time  over  any  part  of  the  line  may  be  easily  calculated.  This  scale  must  be  made  to  fit 
the  vertical  scale  of  the  profile  being  used.  It  provides  a  ready  means  for  converting  the 
velocity  head  in  feet  to  minutes  of  time  according  to  the  formula  shown  at  the  top  of 
the  scale. 


Report  on  Assignment  9 

Train  Resistance  of  Freight  Trains  Under  Various  Conditions 
of  Loading  and  Speed 

L.  K.  Sillcox  (chairman,  subcommittee),  J.  W.  Barriger,  III,  L.  E.  Dale,  J.  V.  Dillabough, 
J.  M.  Farrin,  C.  H.  Fox,  Clark  Hungerford,  E.  E.  Kimball,  M.  F.  Mannion,  J.  W. 
Porter,  J.  M.  Symes,  S.  L.  Wonson. 

This  is  a  final  report  presented  for  adoption  and  publication  in  the  Manual. 

The  Davis  train  resistance  formulas  and  explanatory  notes  now  appear  in  the 
Manual  as  Fig.  1607,  page  16-37,  and  it  is  recommended  that  no  revision  be  made  of 
that  page  as  published  other  than  an  addition  to  the  explanatory  note,  paragraph  four, 
in  which  case  it  would  read  as  follows: 

Locomotive  resistance  represents  tractive  effort  delivered  to  driving  axles  and  does 
not  include  friction  losses  in  gears,  motor  bearings  or  other  parts  of  the  driving  equip- 
ment, as  these  are  usually  covered  in  the  motive  power  efficiency,  and  also  applies  to  the 
driver  tractive  effort  of  steam  locomotives.  The  mechanical  resistance  of  steam  locomo- 
tives equals  20  lb.  per  ton  weight  on  drivers,  hence  should  be  added  to  locomotive 
resistance  when  applied  to  cylinder  or  indicated  tractive  effort. 
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To  the  explanatory  note  would  then  be  added  the  following  footnote  to  direct  the 
attention  of  those  interested  to  the  investigation  of  the  various  train  resistance  com- 
ponents: 

For  the  effect  of  various  train  resistance  factors,  see  the  following  Proceedings  references: 

Proceedings  Proceedings 

Reference  Reference 

Factor  Vol.     Page  Factor  Vol-     Page 

Air    Conditioning    42         83  Rail  lubrication     42         74 

Air   Conditioning    43         53  Rail  support,   elasticity   of    43         52 

Atmospheric   Temperature    42         76  Rail  weight   and   condition    42         74 

Atmospheric   Temperature    43         S3  Rail  weight   and   condition    43         52 

Contour,  locomotive    42         78  Side   winds    43         5b 

Contour,   passenger  train    42         80  Speed  on   curves    42         75 

Equipment    weight    42         77  Track   condition   42         76 


Report  on  Assignment  10 

Development  of  Modern  Power  Units  and  the  Effects  on  the 
Economics  of  Railway  Location  and  Operation 

E.  E.  Kimball  (chairman,  subcommittee),  J.  W.  Barriger,  III,  A.  B.  Chapman,  J.  A. 
Erskine,  W.  B.  Irwin,  J.  B.  Mitchell,  L.  G.  Morphy,  H.  R.  Peterson,  J.  A.  Schoch, 
L.  K.  Sillcox,  H.  W.  Snyder,  H.  W.  Williams. 

This  is  a  progress  report  presented  as  information. 

The  purpose  of  this  introductory  report  on  the  development  of  modern  power  units 
and  the  effects  on  the  economics  of  railway  location  and  operation  is  to  describe  some 
of  the  developments  which  are  of  general  interest  and  at  the  same  time  use  Interstate 
Commerce  Commission  Statistics  for  Class  I  railroads  to  explain  the  basic  application  of 
a  method  which  is  designed  for  the  study  of  special  cases.  Part  of  the  explanation  of  the 
method  is  for  reference  purposes  and  will  be  found  in  the  exhibit  following  this  report. 

In  making  use  of  the  statistics  of  Class  I  railroads  it  is  well  to  remember  that  the 
totals  cover  a  big  system,  consequently  in  order  to  show  changes  of  sufficient  magnitude 
to  be  noticeable  on  such  a  large  scale,  it  is  necessary  to  extend  the  study  over  a  long 
period  of  time.  When  the  time  is  extended  it  is  difficult  to  avoid  the  effect  of  many 
variable  conditions,  consequently  so-called  system  statistics  are  not  very  satisfactory 
bases  for  deductions. 

For  these  reasons  it  is  generally  necessary  to  make  studies  of  individual  cases  because 
in  specific  instances  relatively  greater  changes  are  made  in  much  less  time  and  the  results 
are  less  affected  by  variable  conditions.  Thus  in  special  cases  it  is  practical  to  consider 
all  changes  which  are  in  any  way  related,  determine  the  initial  investment  and  the  effect 
on  operating  economies  and  performance  based  on  the  adoption  of  any  particular  type 
of  motive  power,  change  in  line  or  method  of  operation  and  thus  arrive  at  some  definite 
conclusions. 

This  is  not  true  when  the  railroads  are  taken  as  a  whole  because  the  changes  may 
be  entirely  unrelated,  that  is,  they  may  have  been  made  on  different  sections  and  at 
different  times. 

Modern  Power  Units  Defined 

For  the  purpose  of  this  report,  it  is  assumed  that  the  development  of  modern  steam 
locomotives  began  about  1914,  soon  after  the  introduction  of  superheaters  and  mechanical 
stokers.  There  followed  four  years  of  war  and  three  or  four  years  of  readjustment,  con- 
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sequently  it  was  seven  or  eight  years  later  before  large  scale  improvements  were  made. 
For  this  reason,  and  because  of  these  extraordinary  conditions,  the  effects  of  modern 
power  units  upon  railway  location  and  operation  would  not  begin  to  appear  until  about 
1921  or  1922.  Also,  no  comparable  statistics  were  available  for  this  study  except  a  report 
of  locomotives  in  service  June  30,  1914,  published  by  the  Interstate  Commerce  Commis- 
sion, from  which  Table  1  was  compiled. 

Neglecting  switching  locomotives,  the  more  popular  types  based  on  the  number  of 
units  in  service  are  listed  in  Table  2  together  with  design  data  pertaining  to  typical 
locomotives  built  about  1915.  A  search  of  the  records  of  locomotives  built  since  1923 
indicates  that  popular  demands  have  shifted  to  new  types  as  listed  in  Table  3  which 
also  includes  typical  design  data  for  some  of  the  latest  types  for  comparison  with  those 
listed  in  Tables  1  and  2. 

One  reason  for  the  lack  of  demand  for  some  of  the  older  types  is  that  some  passenger 
locomotives,  for  example,  Forney  types,  were  designed  for  suburban  or  short  run  pas- 
senger service.  On  many  of  the  lines  on  which  they  -were  operated  other  types  of  power 
have  been  substituted,  and  in  other  cases,  passenger  service  has  been  curtailed  or  discon- 
tinued, which  in  a  sense  has  created  a  surplus  of  serviceable  locomotives  that  has 
retarded  the  demand  for  new  power. 

In  other  cases  the  primary  reason  for  the  change  in  popular  types  is  due  to  the 
introduction  and  application  of  superheaters  and  mechanical  stokers.  The  latter  is  a 
device  which  makes  it  possible  to  fire  more  coal  than  is  practical  with  hand  firing.  In 
order  to  take  advantage  of  this  possibility  it  is  necessary  to  increase  the  size  of  the 
grates  so  as  to  be  able  to  burn  more  coai.  Thus,  to  find  room  for  a  large  fire  box  and 
grates  it  is  necessary  to  use  the  space  back  of  the  drivers  where  it  is  possible  to  expand 
in  all  directions.  This  can  be  done  if  the  overhanging  weight  is  supported  by  a  trailing 
truck.  This  arrangement  has  other  advantages.  By  placing  the  fire  box  back  of  the 
drivers  the  level  of  the  grates  can  be  lowered,  giving  greater  volume  to  the  fire  box  and 
better  means  for  obtaining  more  complete  and  more  economical  fuel  consumption. 

At  the  same  time  the  length  of  the  boiler  can  be  increased  and  the  barrel  enlarged 
thus  providing  more  room  for  increasing  the  evaporating  and  superheating  surfaces  in 
order  to  increase  the  evaporating  capacity  of  the  boiler  to  correspond  to  the  greater 
fuel  consuming  capacity  of  the  fire  box.  The  high  superheats  obtainable  through  im- 
proved boiler  construction  increase  the  economy  of  the  steam  engine.  Consequently  the 
capacity  of  the  locomotive  is  automatically  increased  in  two  ways;  first,  because  of  the 
greater  evaporating  capacity  of  the  boiler  more  pounds  of  steam  are  made  available  and 
second,  because  of  the  better  economy  of  the  engine  due  to  high  superheats  every  pound 
of  steam  does  more  work. 

Finally  in  order  to  use  the  greater  horsepower  capacity  of  the  locomotive  it  is 
necessary  to  increase  the  speed  or  the  tractive  effort  or  both.  For  increased  speeds  proper 
tracking  qualities  are  essential  and  for  increased  tractive  efforts,  it  is  necessary  to  have 
more  weight  on  drivers.  Leading  and  trailing  trucks  are  useful  for  both  purposes;  first, 
because  they  improve  the  tracking  qualities  of  the  locomotive  and  second,  by  supporting 
part  of  the  weight  of  the  boiler  they  make  it  possible  to  avoid  overloading  the  drivers 
with  excess  weight. 

A  comparison  of  Tables  2  and  3  brings  out  the  fact  that  locomotive  builders  in 
order  to  take  full  advantage  of  these  factors  have  increased  the  weight  per  driving  axle, 
the  total  weight  of  the  engine,  the  diameter  of  drivers  and  consequently  the  wheel  base 
so  as  to  obtain  greater  hauling  capacity  and  higher  speeds.  The  size,  weight  and  capacity 


Economics   of   Railway   Location   and   Operation 


195 


a  >-  c 


Q 


Q 


DQ 


-J 


L&, 


■Si  ajr 


o< 


'< 


g&a 


CJ 


X  \<M\c<i  xxxxxx 


OIOOOOIOIOWO 
<-iOOOOOO00<3i 


t-«Ot>001Offilflt-H 

HlOCOtOCOMW'HCO 

m  oo  co  n  oi  oo  o  >h  t- 
'-|(^^e^^(^^<^3co-*l^"s^,'<i, 


OHTjOMHOt-O 


Ot-OOOi-HOOO 
U5N00OO<CIOOO 
00-"#-<#iOiO<OOOOC~ 


t-OOOHOONt-WiO 


W«5W?OC-iOtJOOO 


i  i  i  i  .  i  i  i(M 
ONOONONN 1 

I  I  I  I  I  I  I  I  O 
rJ<Tjt«DCD«£>00CX)00^H 

I      I      I      I      I      I      I      I      I 


<m  o 

CO  CO 

XX 

m  o 

CO-* 

I     I 


oo 
oo 

<M<M 


00  t- 

rHOO 

ot- 
to (O 


•a 

(N-* 

t-00 

*-> 

< 

OO 

oo 
oo  <o 

C-  00 

oeo 


00  O 
CC  O 


<x>oo 
I     I 


31 


196 


Economics   of    Railway   Location   and   Operation 


a  ^  c 


5S 

5r 


53  > 


a  o 


1^ 


■2P"Cfc2 


u 


^loo^nowoHoi 

OOC-0000«OC-t-00<X>5£> 


ooooooo^cMCMO<MCM''3, 
CMCMCMCMeoeocoeoeoco 


OJOCOlOt-OOt-U30Cft 


OOOOO  OOOlOO 
OOHOMIOU50N<0 
COeOCMeOCMCMCMeOCMCM 


CM'-i''#eo-<i<c<iCMcocMU3 

O  O)  H  (C  O  tJI  o3  t>  N  !C 

■^i-ioooococmcoo»coo 


OO05t-C0O0iTj*00C- 


OOOOOOOOOr* 

ooooooimcoooo 
t-oaoi>ou3t-ioio 


CKOfl!00)T|iOU5U3lO 
HHHNHNHNNN 


N<0  0)0*5tOWOSOlO 


I      I      I      I      I      I      I   OO 

Ti<  t*  SO  «5  00  000000  ^H  1-1 

I      I      I      I      I      I      I      I      I      I 


(MCOtMCM 

co  co  co  co 

xxvx 


«-l\       «\ 


WOOO 

00  010  o 
eg  eg  cm  co 


0«0  0ilfi 

o->*  t-00 


OOOW3 

ooot- 
"W  cm  co  co 


iOCOOO 
CO  CM  U3  1-! 

010  -<*oo 

CM  CO  CO  CO 


CO  10  too 
Miciiod 

003«)t> 
CM<MC<1CM 


to  «A  00  00 

«O«O00  00 

I    I    I    I 

-<4<CMC<1t1< 


Economics   o f   Railway   Loca tion   and   Operation 


197 


a 

a 

o 

u 


"a 
S 

60,000* 
64,370* 

31,197 
9,786 
1,880 
9,629 

52,492 

24,466 
6,855 
1,552 
7,168 

40,041 

Between 

Jan.  1,  1933 

and  Dec.  31 , 

1940 

l              i              lilll         T-l"*JlCOa>0 
i        OJOO  t-00  t- 

I              I              •»*  t-H  tH         OO 

Between 

Jan.  1,  1930 

and  Dec.  31 , 

1932 

i         i      «ot-^coo      ■>*  t~  in  ca  os 

1              l         Tj<  t-H  i-H  t-H  OS         iJHHHOO 

Between 

Jan.  1,  1925 

and  Dec.  31, 

1929 

i         i      io  >— i  co  -^<  -^      ^oio^'"* 
i         i      oi  oo  ■<*  oo  <o      asoo-tfooo 

1               1          i — 1                          ■<*          t-H                          ■<* 

Between 

Jan.  1,  1920 

and  Dec.  31 , 

1924 

I              I         OOt-rHHt-         O  O  i-H  O  rH 
I              1         r-l  i— 1  Tj<  -rj"  t-H         COlO<M-ri<t- 
i            i        i#NNOO>        COCNOJOOO 

1               1          T*  i— 1          T-H  tO          "*  y-i          t-H  CO 

Between 

Jan.  1,  1920 

and  Dec.  31 , 

1920 

1       *             1      1      1      1      1           1      1      1      1      1 
it-           i     i     i     i     i           i     i     i     i     i 

i        O            iii 

1          T-H               1       1       1       1       1               1        1       1       1       1 

Between 

Jan.  1,  1915 

and  Dec.  31 , 

1919 

1       * 

i      o      10  so  t-  co  ■>*      co  co  <ji  t-  ia 

i        O        rHOOt-t-W        NrfOOOO 
i        CD        HO  00  i-H  ■*}<  O        O  00  i— 1  n<  CO 

1          Ol          "0                  i-H  00          «3                  Ht- 

Between 

Jan.  1,  1910 

and  Dec.  31 , 

1914 

1       # 

i      o      cocoairfOT      hwwnio 

i        ia        NOOlC-00        ONOiOt- 

i      cm      NU3Ho>o>      oooojious 

i        t—       t-CM        i— 1  t-h       \a  H        HO> 

I         T-H                                      i-H 

*          * 

O        CO        OCOOOCOt-        TfOMNO) 

O         O         CO  O  00  CO  00         O0  00  CM  i—l  OS 

o      w      tOH^Hio      co  co  oa  i— i  co 

O       CO       t-H  ■<*       TfO       CO  i-H        wo 

CO          CO          tH                         CO                                         T-H 

1                 1                1        1     CQ        1        1                 1        I     CO        1        I 
I               1               I            CO       ,       !               ,,C0,| 

O     io     ioj     !  Si8     i     io     '     >(g     i     i 
t-h      i<N      1CO.J   bflPn      i      irjijj      '  Ph      i      i 
Cft      iOJ      iO>S   O  fc.rfd      'Oi  .3         «-rC      ' 

tH ^3  r~l "3  tH  m  «  o  u t-j  i-i  b«   ;  o  U'-j 
cfl        o3       .2r  co     ,  -»j  03       .Si  ce     ,  -u  to 

O         O         2  St  ^  O         Scrjt^O 

H     E-i     fn  Ph  pin  cq  E-"     fe  Pi  [X4  cq  E-" 

198 


Economics   of   Railway   Location   and   Operation 


Table  5. — Weight  of  Rail — 1921  and  1940 
(Compiled  from  ICC  Statistics) 


Weight  of  Rail  per  Yard 


140  lbs.  and  over 
130  lbs.  and  over 
120  lbs.  and  over 
110  lbs.  and  over 
100  lbs.  and  over 

90  lbs.  and  over. 

80  lbs.  and  over. 

70  lbs.  and  over. 

60  lbs.  and  over. 

50  lbs.  and  over. 
Total  Miles_. 


1921 
Mileage  Percent 


45 

2,699 

3,365 

3,533 

37,384 

92,708 

161,844 

205,750 

238,949 

255,842 

257,242 


.02 

1.05 

1.31 

1.38 

14.53 

36.03 

62.91 

79.99 

92.90 

99.46 

100.00 


Mileage 


1940 


501 

24,909 

29,775 

58,455 

106,121 

162,516 

204,929 

230,747 

248,148 

254,878 

255,089 


Percent 


.20 
9.77 
11.68 
22.92 
41.61 
63.71 
80.34 
90.46 
97.28 
99.92 
100.00 


of  tenders  have  also  increased  to  keep  step  with  the  increased  demands  of  the  new 
locomotives  and  to  reduce  the  number  of  stops  for  fuel  and  water. 

The  illustrations  on  the  following  pages  will  help  to  visualize  some  of  the  physical 
changes  that  have  taken  place  in  the  outward  appearance  of  steam  locomotives  during 
the  past  25  or  SO  years.  No  illustration  will  show  nor  is  it  possible  to  describe  all  of  the 
improvements  that  are  reflected  in  these  latest  designs.  Some  of  the  improvements  now 
available  are: 


Improved  stokers 
Coal  pushers 
Power  grate  shakers 
Automatic  fire  doors 
Brick  arches 
Air  preheaters 
High  steam  pressures 
Improved  superheaters 


Feedwater  heaters 
Exhaust  steam  injectors 
Branch  pipe  heaters 
Improved  valve  gears 
Power  reverse  gear 
Roller  bearings 
Improved  counterbalancing 
Blow  off  mufflers,  etc. 


These  improvements  where  installed  have  contributed  to  better  performance  and 
lower  maintenance  expense,  but  they  have  taken  place  gradually  and  hence  are  not 
present  on  all  locomotives  now  in  operation  or  even  on  some  of  those  installed  since 
1921.  Table  4  shows  there  are  a  great  many  locomotives  now  in  service  which  were 
built  prior  to  1921,  in  fact  prior  to  1910.  Since  under  these  conditions  new  and  old 
locomotives  are  sandwiched  in  together,  it  is  practically  impossible  to  obtain  the  full 
benefits  of  new  improvements. 

Of  the  64,370  steam  locomotives  in  service  in  1921  approximately  37,000  have  now 
been  retired  and  their  places  taken  by  12,682  locomotives  built  since  1921.  This  means 
that  one  so-called  modern  steam  locomotive  (built  since  1921)  is  equivalent  to  about 
three  of  the  older  ones. 

Effect  on  Track  Construction 

In  order  to  accommodate  these  new  designs  of  locomotives  of  heavier  concentrated 
weight,  longer  wheel  base  and  greater  speed  and  power,  the  engineering  and  maintenance 
of  way  departments  have  been  required  to  provide  and  maintain  superior  track  and 
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A  Famous  Locomotive  of  50  Years  Ago. 


Forerunner  of  Modern  Locomotives  25  to  30  Years  Ago. 


A  Modern  Streamlined  Passenger  Locomotive. 


track  structures  for  them  to  run  on.  As  an  indication  of  the  superior  character  of  track 
that  has  been  provided  it  is  interesting  to  note  the  changes  that  have  been  made  in  the 
weight  of  rail  between  1921  and  1940  as  given  in  Table  5.  For  example  the  miles  of 
track  laid  with  heavy  rail  (100  lb.  or  heavier)  increased  from  37,384  miles  in  1921  to 
106.121  miles  in  1940  or  nearly  three  times  and  now  amounts  to  over  40  percent  of  the 
total  mileage.  As  a  matter  of  fact,  nearly  a  quarter  of  the  track  is  now  laid  with  110-lb. 
rail  or  heavier. 


Effect  Upon  Performance 

The  next  step  is  to  review  some  of  the  results  which  have  been  accomplished  due  to 
improvements  in  motive  power  and  other  changes  which  are  discussed  later. 

The  average  performances  of  freight  trains  of  all  Class  I  railroads  for  the  years 
1921  to  1941  are  shown  in  Table  6  and  by  the  chart,  Fig.  1.  Thus  by  referring  to  the 
upper  diagram  of  the  chart,  it  will  be  seen  that  the  total  freight  train-miles  operated  in 
1941  is  approximately  the  same  as  the  total  freight  train-miles  operated  in  1922  but  the 
average  road  time  per  100  train-miles  has  been  reduced  from  about  9  hours  in  1922  to 
about  6  hours  in  1941  or  about  one-third. 

At  the  same  time  the  gross  ton-miles  shown  in  the  lower  diagram  of  the  chart  in- 
creased from  about  800  billion  in   1922   to  nearly   1,200  billion  in   1941   or  roughly  50 
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Streamlined  Passenger  Locomotive  Noted  for  Its  Performance  Since  1936. 


First  Application  of  Three- Axle  Trailing  Truck  Under  Fire  Box,  1941. 


Modern  Simple  Articulated  Locomotive,  1941. 


percent.  In  other  words  the  chart  shows  that  Class  I  railroads,  by  reason  of  improve- 
ments of  various  sorts,  handled  50  percent  more  gross  ton-miles  in  1941  than  in  1922 
and  in  one-third  less  time. 

Possibly  a  similar  comparison  of  passenger  train  performance  can  be  prepared  from 
data  available  in  ICC  reports  but  these  reports  do  not  extend  back  as  far  as  those  for 
freight  trains.  For  this  reason  and  to  save  space,  passenger  data  and  charts  are  omitted 
but,  strictly  speaking,  should  be  considered. 


Economics 

In  the  case  of  Class  I  railroads  the  data  available  are  not  exactly  adapted  for  a  strict 
analysis  of  the  economic  problem  because  they  are  not  entirely  related,  but  it  is  possible 
to  set  forth  some  noteworthy  economic  changes  that  have  been  brought  about  during 
the  past  20  years  and  frequently  quoted  to  which  modern  power  units  can  lay  some 
claim.  For  example,  one  outstanding  claim  that  can  be  mentioned  is  the  fact  that  the 
pounds  of  coal  per  1,000  gross  ton-miles  (including  engine  and  tender)  have  been  reduced 
from  162  lb.  in  1921  to  112  lb.  in  1940  and  likewise  the  pounds  of  coal  per  passenger 
car-mile  have  been  reduced  from  17.7  lb.  in  1921  to  IS  lb.  in  1940. 

Class  I  railroads  during  the  past  20  years  have  invested  nearly  11.3  billion  dollars 
in  their  properties  and  have  retired  in  the  same  time  over  5.4  billion  dollars  worth  of 
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Table  6. — Freight  Train  Performance,  Class  I  Roads 
(Compiled  from  ICC  Statistics) 


1,000 

Million 

Hour 

Average 

Freight 

Gross   Ton- 

per 

Ave. 

Train 

Train- 

Miles 

Train- 

100  Train- 

Speed 

Weight 

Miles 

Excl. 

Hours 

Miles 

M.P.H. 

Tons 

Year 

per  Year 

Loco. 

1921... 

530,141 

760,716 

45,949,610 

8.67 

11.53 

1,435 

1922... 

554,780 

813,052 

50,148,349 

9.04 

11.06 

1,466 

1923... 

641,556 

987,384 

58,885,148 

9.18 

10.90 

1,539 

1924... 

600,576 

953,968 

52,239,512 

8.71 

11.50 

1,588 

1925... 

612,865 

1,023,490 

52,010,380 

8.49 

11.78 

1,670 

1926... 

632,557 

1,098,692 

53,064,819 

8.39 

11.92 

1,737 

1927... 

610,497 

1,086,829 

49,525,815 

8.11 

12.33 

1,780 

1928... 

601,648 

1,105,506 

46,740,784 

7.77 

12.87 

1,837 

1929... 

611,919 

1,141,619 

46,496,855 

7.60 

13.16 

1,866 

1930... 

538,064 

1,006,446 

38,945,349 

7.24 

13.82 

1,870 

1931... 

464,217 

839,742 

31,451,064 

6.78 

14.76 

1,809 

1932... 

390,591 

657,208 

25,215,416 

6.46 

15.49 

1,683 

1933. .. 

393,359 

685,382 

25,065,714 

6.37 

15.69 

1,742 

1934... 

421,383 

743,575 

26,517,276 

6.29 

15.89 

1,765 

1935... 

427,019 

766 , 594 

26,647,096 

6.24 

16.02 

1,793 

1936... 

486,341 

896,956 

30,716,343 

6.32 

15.83 

1,844 

1937... 

502,013 

946,164 

31,176,558 

6.21 

16.10 

1,885 

1938... 

421,962 

788,682 

25,488,009 

6.04 

16.55 

1,869 

1939... 

452,277 

889,679 

27,117,916 

6.00 

16.67 

1,967 

1940... 

482,175 

978,194 

28,931,011 

6.00 

16.67 

2,008 

1941... 

568,023 

1,194,608 

34,442,732 

6.06 

16.49 

2,103 

property,  leaving  a  net  added  investment  of  nearly  5.9  billion  dollars  since  December  31, 
1920.  In  a  sense,  these  expenditures  constitute  or  can  be  regarded  as  representing  the 
first  cost  of  improvements  added  to  the  property  from  which  operating  advantages  and 
financial  benefits  are  expected  to  accrue. 


Effect  of  Modern  Power  Units 

on  the  Economics  of  Railway  Operation 

Some  of  the  operating  advantages  that  have  accrued  in  the  way  of  improved  per- 
formance have  been  outlined  in  previous  paragraphs,  and  as  a  matter  of  interest,  mention 
will  be  made  of  some  of  the  financial  benefits  obtained. 

By  referring  to  Fig.  1  it  will  be  seen  that  the  gross  ton-miles  handled  in  1923  and 
1940  are  nearly  equal.  In  1923  the  railway  operating  expenses  when  handling  this  traffic 
were  about  4.9  billion  dollars,  whereas  in  1940  they  were  reduced  to  about  3.1  billion 
dollars  which  indicates  a  saving  of  1.8  billion  dollars  per  year. 

If  this  were  a  simple  case  it  would  be  possible  to  compare  and  analyze  the  operating 
accounts  and  thus  determine  how  much  of  the  1.8  billion  dollar  savings  is  presumably 
due  to  improvements  in  motive  power.  It  is  probably  sufficient  for  the  purpose  of  this 
report  to  state  that  the  evidence  shows  the  effect  of  modern  power  units  on  the  economics 
of  railway  operation  is  important  and  has  resulted  in  large  savings  in  operating  expenses. 
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Table  7. — Expenditures  for  Investment  in  Road  and  Equipment 
(Compiled  from  ICC  Statistics) 


Gross  Expenditures 
(000  omitted) 

Net  Expenditures 
(000  omitted) 

Year 

Total 

Road 

Equ  ip- 
ment 

Total 

Road 

Equip- 
ment 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1940. 

$  557,035 
533,489 

1,068,366 
930,635 
800,913 

869,588 
930,783 
722,924 
972,513 
957,101 

433,779 
173,145 
146,264 
187,919 
213,655 

305,298 
552,209 
202,027 
232,946 
499,244 

$  233,558 
272,487 
387,162 
409,639 
434,336 

486,519 
605,656 
471,641 
624,852 
588,354 

339,934 
122,909 
124,369 
115,512 
117,947 

122,180 

208,749 

88,115 

99,379 

209,819 

$  319,874 
257,337 
678,069 
514,107 
363,431 

379,617 

314,408 
244,009 
341,735 
361,328 

89,075 
46,345 

18,829 
70,962 
82,905 

182,084 
342,236 
113,815 
133,314 
289,701 

$  442,043 
362,090 
808,208 
714,251 
579,975 

652,419 
698,069 
458,998 
552,239 
590,205 

49,143 

—  13,021 
—158,490 
—179,947 
—129,072 

12,468 

268,680 

4,058 

—  15,611 
175,598 

$  186,821 
219,597 
336,606 
346,330 
360,526 

416,371 

522,482 
384,671 
420,128 
392,124 

118,634 
69,714 
13,105 

—  18,394 

—  8,977 

4,293 

72,910 

10,631 

13,734 

114,682 

$  251,459 
139,444 
466,278 
361,022 
216,009 

232,694 
163,614 
69,062 
125,861 
191,622 

—  71,765 

—  90,951 
—168,421 
—161,866 
—130,689 

7,891 
198,520 

—  5,041 

—  22,282 
149,526 

— Denotes  decrease. 


Effect  of  Modern  Power  Units 

on  the  Economics  of  Railway  Location 

Reference  has  been  made  to  the  effect  of  modern  steam  locomotives  upon  the  char- 
acter of  track  and  track,  structures,  and  while  it  is  about  as  difficult  to  make  sound 
deductions  in  regard  to  the  economics  of  location  as  it  is  about  the  economics  of  opera- 
tion, it  is  important  to  scan  some  of  the  expenditures  for  investment  in  railroad  property 
to  see  how  the  expenditures  for  various  facilities  compare. 

Table  7  shows  a  tabulation  of  the  total  gross  expenditures  charged  to  capital  invest- 
ment for  all  Class  I  railroads  by  years  from  1921  to  1940,  inclusive,  and  also  the  amounts 
spent  for  facilities  on  the  road  and  for  equipment.  There  is  also  a  tabulation  which  shows 
the  total  net  expenditures  (gross  expenditures  less  credits  for  property  retired)  divided 
between  road  and  equipment. 

The  gross  and  net  expenditures  shown  in  Table  7  are  plotted  by  years  at  the  top  of 
Fig.  2  and  the  cumulative  totals  since  December  31,  1920,  at  the  bottom  of  Fig.  2  in 
order  to  present  a  picture  of  the  magnitude  of  the  expenditures  and  retirements  that  have 
taken  place  during  the  past  20  years.  The  cumulative  totals  include  the  first  cost  of 
facilities  which  is  more  or  less  responsible  for  the  improvements  in  performance  year 
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Table  8. — Net  Expenditures  for  Investment  in  Road,  Selected  Items 

(Compiled  from  ICC  Statistics) 

(000  omitted) 


Year 


Rails  and 

Other  Track 

Material 


Ties  and 
Ballast 


Track 
Laying  & 
Surfacing 


Bridges 

Trestles  & 

Culverts 


Signals  & 
Inter- 
lockers 


1921. 
1922. 
1923. 
1924. 
1925. 

1926. 
1927. 
1928. 
1929. 
1930. 

1931. 
1932. 
1933. 
1934. 
1935. 

1936. 
1937. 
1938. 
1939. 
1940. 


$35,689 
35,252 
53,611 
59,357 

87,248 

80,030 
79,055 
62,649 

72,772 
58,567 

108,595 

19,134 

3,585 

9,138 

35,778 

12,369 
11,263 
7,712 
12,494 
16,283 


$11,870 
12,612 
26,444 
29,467 
46,413 

47,802 
45,714 
31,270 
38,526 
36,067 

70,676 

14,386 

355 

481 

25,634 

3,996 

—  1,661 

—  833 

—  1 
1,779 


I   4,849 

6,375 

14,720 

14,711 

24,564 

23,684 
20,936 
12,259 
14,738 
15,322 

34,332 

5,539 

224 

-  1,133 

8,751 

1,120 

-  1,061 
1,126 

-  1,187 

5 


$19,828 
20,099 
34,215 
41,435 
56,468 

49,791 
54,249 
43,528 
61,446 
64,900 

74,027 

17,343 

3,633 

8,390 

25,516 

15,834 
1,473 
12.021 
12,343 
14,580 


$  3,179 

4,994 

10,808 

14,828 

15,667 

27,211 
32,204 
16,878 
26,674 
23,194 

12,583 

2,906 

-  1,058 

602 

2,935 

1,349 
5,522 
3,696 
1,947 
3,783 


-Denotes  decrease. 


after  year  as  shown  in  Fig.  1.  Incidentally  the  lower  chart  shows  that  practically  no 
additions  have  been  made  to  the  net  investment  in  the  property  of  Class  I  railroads 
since  1930. 

The  gross  and  net  expenditures  charged  to  investment  in  road  are  plotted  at  the  top 
of  Fig.  3  by  years  and  the  cumulative  totals  since  December  31,  1920,  at  the  bottom  of 
Fig.  3,  and  similarly  the  investments  in  equipment  in  Fig.  4.  Table  8  shows  a  tabulation 
of  the  net  capital  expenditures  for  a  number  of  items  included  in  the  investment  on 
"Road".  The  cumulative  totals  of  these  items — rail  and  other  track  material,  ties  and 
ballast,  bridges,  trestles  and  culverts,  track  laying  and  surfacing  and  signals  and  inter- 
lockers — are  plotted  in  Fig.  3  for  comparison  with  each  other  and  with  certain  items  of 
expenditure  included  under  "Equipment"  as  shown  in  Fig.  4. 

It  can  be  assumed  that  practically  all  of  the  above  mentioned  items  except  signals 
and  interlockers  are  primarily  concerned  with  the  betterment  of  track  and  track  struc- 
tures and  have  been  called  for  by  the  introduction  of  modern  steam  locomotives,  the 
establishment  of  new  lines  or  multiple  tracking.  Therefore,  the  facilities  made  possible  by 
these  expenditures  have  paved  the  way  for  the  higher  speeds  and  heavier  trains  of  which 
modern  steam  locomotives  are  capable.  Speed  and  weight  of  trains  are  two  fundamental 
factors  affecting  train  performance. 
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Expenditures  for  signals  and  interlockers  are  included  to  call  attention  to  the  fact 
that  signal  systems  and  multiple  tracking  are  effective  means  for  reducing  road  delays 
which  constitute  another  factor  that  affects  train  performance.  Since  it  is  impossible  to 
differentiate  between  the  effect  of  speed  and  the  effect  of  delays  upon  train  performance 
it  is  necessary  to  consider  the  expenditures  for  signals  and  interlockers  along  with  the 
items  mentioned  in  the  preceding  paragraph. 

Other  miscellaneous  investment  accounts  which  amount  to  about  half  of  the  total 
net  expenditures  have  not  been  itemized  because  generally  they  are  not  directly  connected 
with  motive  power  developments  or  train  performance. 

Table  9  contains  a  tabulation  of  the  net  expenditures  for  investment  in  steam  loco- 
motives, other  locomotives,  passenger  cars  and  freight  cars  by  years  from  1921  to  1940, 
inclusive.  The  cumulative  totals  from  December  31,  1920,  are  plotted  in  Fig.  4  to  show 
the  relative  magnitude  and  growth  of  the  various  accounts.  One  interesting  change  that 
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will  be  noted  is  the  increase  in  expenditures  for  investment  in  "Other  Locomotives".  This 
item  includes  electric  and  Diesel-electric  locomotives  and  needs  some  explanation  in 
connection  with  the  discussion  that  has  gone  before. 

Up  through  1941  practically  all  of  the  Diesel-electric  locomotives  were  in  switching 
or  de  luxe  passenger  service;  they  had  not  been  used  to  any  appreciable  extent  in  freight 
service,  and  have  not,  therefore,  been  a  factor  in  improving  freight  train  performance 
thus  far.  However,  a  number  of  sections  of  railroads  have  been  electrified  since  1921  and 
electric  locomotives  have  been  a  factor  in  improving  freight  train  performance.  For  the 
purpose  of  this  report,  however,  their  effect  can  be  neglected  and  the  investments  in 
other  locomotives  disregarded  or  assumed  to  be  offset  by  investments  in  steam  passenger 
and  switching  locomotives,  which  locomotives  have  not  been  factors  affecting  freight 
train  performance.  In  other  words,  assume  that  the  investments  in  steam  locomotives 
can  be  scaled  down  to  eliminate  steam  passenger  and  switching  locomotives,  an  amount 
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Table  9. — Net  Expenditures  for  Investment  in  Equipment,  Selected  Items 

(Compiled  from  ICC  Statistics) 

(000  omitted) 


Year 

Steam 

Locomotives 

Other 
Locomotives 

Passenger 
Cars 

Freight 
Cars 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930..           

$65,145 
25,769 

174,420 
82,047 
32,933 

73,007 
44,070 
8,107 
29,058 
50,777 

—  7,126 

—  27,623 

—  35,126 

—  54,241 

—  29,711 

—  5,210 
35,741 

2,902 

—  14,579 

1,735 

$577 
2,171 
1,515 
1,841 
4,082 

7,665 
2,912 
1,765 
374 
7,948 

8,390 

10,313 

1,820 

2,240 

21,961 

7,006 

9,530 

14,264 

20,107 

29,756 

$27,968 
11,914 
31,489 
39,476 
27,735 

42,130 
37,286 
21,321 

20,485 
27,572 

840 

—  3,805 

—  14,466 

—  16,289 

—  6,023 

10,030 

35,220 

7,386 

6,066 

5,386 

$147,873 

92,739 

244,277 

216,010 

138,165 

92,900 
58,089 
26,217 
71,693 
118,919 

1931 

1932 

—  60,986 

—  64,540 

1933                    

—111,225 

1934 

—  84,323 

1935                        

—113,494 

1936 

8,377 

1937 

114,358 

1938 

—  27,570 

1939 

—  31,408 

1940.                 

111,565 

— Denotes  decrease. 

equal  to  the  investment  in  electric  freight  locomotives.  On  this  basis  it  is  possible  to  go 
through  the  accounts  of  expenditures  for  investments  and  determine  what  part  of  the 
total  represents  the  price  paid  to  obtain  sufficient  capacity  to  handle  SO  percent  more 
traffic  in  1941  than  in  1922  and  in  one-third  less  time. 

From  the  foregoing  discussion  it  is  quite  evident  that  the  modern  steam  locomotive 
has  been  the  chief  contributing  factor  in  this  accomplishment,  but  in  order  to  obtain  a 
more  exact  picture  of  the  possibilities  of  any  of  the  modern  power  units  it  will  be  neces- 
sary to  confine  the  study  to  specific  instances  where  modern  units  have  been  applied. 
For  this  reason  an  exhibit  has  been  added  explaining  some  of  the  relations  that  exist 
between  Fig.  1  and  Figs.  2,  3  and  4,  with  references  to  the  use  of  train-hour  diagrams. 


EXHIBIT 

The  purpose  of  this  exhibit  is  to  explain  the  relation  between  Fig.  1  and  Figs.  2,  3 
and  4. 

Suppose  for  purposes  of  discussion  that  the  250,000  miles  of  Class  I  railroads  in  the 
United  States  were  composed  of  2,500  sections,  each  section  being  100  miles  long.  These 
sections  would  naturally  contain  different  profiles  and  alinement,  different  track  facilities 
and  require  different  classes  of  motive  power.  Also  the  amount  of  traffic  handled  and 
methods  of  operation,  speed  and  weight  of  trains,  etc.  would  be  different  on  every  section. 
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Assume  that  the  operating  statistics  reported  by  the  ICC  and  shown  in  Table  6  for 
the  years  1921  to  1941,  inclusive,  represent  the  totals  obtained  by  adding  the  statistics 
of  the  2,500  sections  together.  Then  from  these  statistics  the  usual  summaries  such  as  the 
average  weight  of  trains,  average  speed  etc.,  can  be  obtained. 

To  obtain  a  graphic  picture  of  the  trends,  it  is  interesting  to  calculate  the  average 
road  times  required  for  a  train  to  pass  over  one  of  the  2,500  sections,  that  is,  to  make  a 
run  of  100  miles  and  plot  them  against  the  train-miles  and  also  against  the  gross  ton- 
miles  by  years  as  shown  in  Fig.  1. 

Attention  has  been  called  to  some  of  the  facts  disclosed  by  this  diagram,  but  it  is 
also  possible  to  use  it  or  similar  diagrams  for  analytical  purposes.  For  example,  on  some 
individual  sections  a  detailed  study  of  freight  train  performance  can  be  made  by  means 
of  train-hour  diagrams  from  which  it  is  possible  to  pick  out  the  trains  having  the  least 
road  time  or  theoretically  determine  the  minimum  road  time  for  trains  on  that  particular 
section. 
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If  this  procedure  were  followed  and  the  minimum  road  times  for  all  of  the  2,500 
sections  obtained,  then  the  average  would  be  considered  the  average  minimum  road  time 
which  could  be  represented  by  a  point  on  the  horizontal  axes  of  the  two  diagrams  of 
Fig.  1.  However,  this  procedure  is  impractical;  hence  it  is  necessary  to  find  some  other 
method  for  determining  the  average  minimum  road  time.  For  this  purpose,  it  will  be 
noted  that  there  are  5  points,  namely,  29,  30,  31,  32  and  33,  in  the  diagrams  which  are 
nearly  on  a  straight  line,  although  when  the  diagrams  were  first  published  (Proceedings, 
Vol.  35,  page  906)  point  33  was  not  available.  These  points  have  been  used  to  determine 
the  slopes  of  the  solid  lines  which  are  drawn  through  point  31  and  which  intersect  the 
horizontal  axes  at  a  point  which  corresponds  to  5  hours  and  represents  the  average 
minimum  road  time  for  the  2,500  sections.  In  addition,  lines  drawn  through  points  29 
and  30  or  through  points  37  and  38  will  also  intersect  the  horizontal  axes  at  about  5 
hours  which  indicates  that  the  average  minimum  road  time  is  fairly  accurately  deter- 
mined. 

On  this  basis  it  can  be  assumed  that  the  solid  lines  are  pivoted  at  their  lower  ends 
and  are  free  to  swing  through  any  point,  for  example  through  point  41,  which  gives  a 
greater  slope  to  the  lines  than  through  any  other  point.  Theoretically  the  steeper  the 
slope  the  better  is  the  performance,  but  in  order  to  improve  the  performance,  it  is  neces- 
sary in  practice  to  acquire  better  facilities,  that  is,  facilities  which  will  tend  to  shorten 
the  average  road  time  or  increase  the  capacities  of  the  individual  sections.  Facilities 
which  accomplish  one  of  these  results  will  potentially  achieve  the  other. 

For  example,  the  average  road  time  in  1941  was  practically  the  same  .as  it  was  in 
1938  indicating  no  improvement,  but  the  gross  ton-miles  handled  increased  from  about 
790  billion  in  1938  to  1,195  billion  in  1941.  The  reason  there  has  been  no  improvement 
in  the  average  road  time  is  because  in  order  to  handle  the  increased  traffic  it  has  been 
necessary  to  operate  heavier  trains  which  tends  to  reduce  their  speed.  In  addition  it  has 
been  necessary  to  operate  more  trains  which  tends  to  increase  the  delays  and  lengthen 
the  average  road  time. 

Under  these  circumstances  it  is  to  be  wondered  why  the  average  road  time  did  not 
increase  in  this  period,  1938-1941.  The  reason  why  it  did  not  must  have  been  due  to  the 
acquisition  of  facilities  that  have  overcome  the  natural  trend,  for  example,  the  acquisi- 
tion of  new  locomotives  capable  of  hauling  the  heavier  trains  at  the  same  or  higher 
speeds  than  older  locomotives  were  able  to  haul  the  lighter  trains  of  1938.  Or  it  may  be 
partially  due  to  easier  grades  and  improved  alinement  on  some  sections  or  to  reductions 
in  delays  achieved  by  multiple  tracking,  more  signals  or  better  dispatching  on  other 
sections. 

Thus  the  new  facilities  acquired  by  the  railroads  during  the  past  three  or  four  years 
have  meant  increased  capacity.  On  the  other  hand  if  the  traffic  should  fall  back  to  what 
it  was  in  1938  then  the  new  faculties  would  be  effective  in  reducing  the  average  road 
time  approximately  one-third  hour  or  more  (obtained  by  swinging  the  solid  line  around 
through  point  41  and  reading  the  time  (5.7  hours)  corresponding  to  790  billion  gross 
ton-miles  against  6.04  for  1938). 

Referring  to  Figs.  1  and  2,  it  is  interesting  to  note  that  during  the  period  1921  to 
1929  when  traffic  was  increasing  the  capital  investments  in  road  and  equipment  were 
heavy  and  continued  so  until  1930.  As  traffic  continued  to  fall  off  after  1930,  reductions 
in  capital  expenditures  followed.  While  the  traffic  remained  low,  excess  equipment  could 
be  stored  and  old  types  retired.  For  a  time  the  retirements  exceeded  the  investments  so 
that  in  1940  the  chart,  Fig.  2,  shows  that  the  net  investment  added  since  December  31, 
1920  had  not  increased  for  the  past  10  years. 
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Fig.  3  is  an  analysis  of  the  investments  made  on  road  in  order  to  indicate  a  few  of 
the  items  which  have  been  affected  and  which  in  turn  are  indirectly  responsible  for  some 
of  the  improvements  in  freight  train  and  passenger  train  performances. 

Many  other  accounts  of  expenditures  which  are  included  in  road  investments  are 
not  itemized  because  their  effect  on  performance  is  negligible,  although  they  amount  to 
nearly  half  of  the  net  investment  and  constitute  a  large  part  of  the  retirements.  These 
investments  can  be  assumed  to  have  more  to  do  with  railroad  revenues  and  expenses 
and  are  independent  of  performance. 

Fig.  4  is  a  similar  analysis  of  the  net  investments  in  equipment.  The  largest  item  in 
the  list  of  expenditures  is  for  freight  cars.  By  referring  to  Table  9  it  will  be  seen  that 
during  the  past  ten  years  the  credits  for  freight  cars  retired  have  exceeded  the  invest- 
ments partly  because  of  lack  of  traffic  and  partly  on  account  of  orders  prohibiting  the 
use  of  cars  with  archbar  trucks  after  July  1,  1940.  Another  reason  is  because  the  average 
freight  car  capacity  is  now  SO  tons  as  compared  with  42  tons  in  1921.  Consequently  the 
same  traffic  can  be  handled  with  fewer  cars  if  they  are  proportionately  loaded. 

The  item,  other  locomotives,  includes  electric  and  Diesel-electric  locomotives  which 
can  hardly  be  left  out  of  the  picture.  The  electrification  of  a  number  of  sections  of  rail- 
roads has  had  a  marked  effect  upon  freight  train  and  passenger  train  performance  over 
the  particular  sections  electrified,  but  when  the  effect  is  averaged  over  all  sections,  it  is 
probably  negligible.  Likewise  the  investments  in  Diesel-electric  locomotives  can  be  neg- 
lected because  they  have  been  made  almost  entirely  for  switching  and  passenger  locomo- 
tives and  therefore  have  had  practically  no  effect  upon  freight  train  performance. 

The  use  of  ICC  statistics  is  intended  to  create  an  appreciation  of  some  of  the 
advances  made  in  the  modes  and  methods  of  rail  transportation  as  built  up  around  the 
steam  locomotive  and  at  the  same  time  to  indicate  a  simple  procedure  which  can  be 
adapted  for  other  more  detailed  studies  of  specific  improvements  on  individual  sections 
of  line  to  determine  their  economic  value.  In  other  words,  this  is  an  attempt  to  give  a 
picture  of  what  to  look  for  and  to  show  some  of  the  factors  involved  in  improving  train 
performance. 
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Committee 

To  the  American  Railway  Engineering  Association:  l 

Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 
No  report. 

2.  Preparation  of  specifications  for  railway  buildings. 

Progress  report — including  recommendations  for  adoption  and  publication  in 

the  Manual   page  212 

3.  Refrigerator  equipment  for  cold  storage  houses  and  rooms,  collaborating  with 
Committee  1 — Power  Supply,  Electrical  Section,  Engineering  Division,  AAR. 
Progress  report — submitted  as  information   page  213 

4.  Modernization  of  station  buildings,  collaborating  with  Committee  14 — Yards 
and  Terminals. 

Progress  report — submitted  as  information   page  223 

5.  Design  of  facilities  and  equipment  for  spray  painting  of  rolling  stock. 
No  report. 

6.  Design  of  fueling  facilities  for  Diesel  locomotives. 

Progress  report — submitted  as  information   page  229 

7.  Design  of  shop  facilities  for  Diesel  locomotives. 

Progress  report — subfnitted  as  information   page  235 

8.  The  use  of  substitutes  for  critical  building  materials. 

Progress  report — submitted  as  information   page  247 

The  Committee  on  Buildings, 

A.  B.  Stone,  Chairman. 

AREA  Bulletin  435,  December,  1942. 
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Report  on  Assignment  2 

Preparation  of  Specifications  for  Railway  Buildings 

F.  R.  Judd  (chairman,  subcommittee),  G.  A.  Belden,  C.  E.  Booth,  H.  M.  Church,  Hugo 
Filippi,  A.  C.  Irwin,  L.  P.  Kimball,  H.  C.  Lorenz. 

In  the  report  which  was  presented  at  the  annual  meeting  in  1942  your  committee 
offered  specifications  covering  welded  structural  steel  and  iron  for  use  in  buildings.  This 
material  appeared  on  pages  127  to  136,  inclusive,  of  the  Proceedings  for  1942,  bearing 
the  following  title: 

XII 
1203.  WELDED  STRUCTURAL  STEEL  AND  IRON 

Your  committee  now  recommends  that  these  specifications  be  adopted  for  publica- 
tion in  the  Manual. 


National  Emergency  Specifications  for  Structural  Steel  for  Buildings 

Under  date  of  September  10,  1942,  the  War  Production  Board  issued  National 
Emergency  Specifications  for  the  Design,  Fabrication  and  Erection  of  Structural  Steel 
for  Buildings  which  apply  to  and  govern  work  on  all  buildings  constructed  by,  or  the 
construction  of  which  is  financed  by,  or  the  construction  of  which  must  be  approved  by 
certain  federal  agencies.  On  the  recommendation  of  your  committee,  and  with  the 
endorsement  of  the  Emergency  Committee  on  Structural  Problems,  the  Emergency  Com- 
mittee representing  the  Board  of  Direction  has  authorized  the  publication  of  an  emer- 
gency provision  reading  as  follows: 

Emergency  Provision  Adopted  December  1942 

COMMITTEE  6 

BUILDINGS 

SPECIFICATIONS  FOR  BUILDINGS  FOR  RAILWAY  PURPOSES 

Structural  Steel  and  Iron 

1940 

These  specifications,  Manual  pages  6-47  to  6-66.2,  inclusive;  are  superseded  for  the 
duration  of  the  war  by  the  War  Production  Board  National  Emergency  Specifications 
for  the  Design,  Fabrication  and  Erection  of  Structural  Steel  for  Buildings.* 


*  Copies  of  this  specification  may  be  obtained,  at  25  cents  per  copy,  from  the  American  Institute 
of  Steel  Construction,  Inc.,   101  Park  Avenue,  New  York,  N.  Y. 
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Report  on  Assignment  3 

Refrigerator  Equipment  for  Cold  Storage  Houses  and  Rooms 

Collaborating  with  Committee  1 — Power  Supply,  Electrical  Section, 
Engineering  Division,  AAR 

H.  C.  Lorenz  (chairman,  subcommittee),  E.  Christiansen,  A.  G.  Dorland,  J.  P.  Gallagher, 
W.  G.  Harding,  E.  G.  Hewson,  C.  D.  Horton,  E.  K.  Mentzer,  H.  A.  Pasman,  W.  E. 
Webb. 

Your  committee  submits  the  following  report  as  information: 
Refrigerating  System 

The  refrigerating  system  consists  essentially  of  three  main  components  which  are  the 
compressor,  the  condenser  and  the  evaporator.  Other  accessories  are  necessary  in  every 
system  for  the  proper  control  and  operation  of  the  refrigerant  within  these  components. 

In  the  evaporator,  i.  e.,  cooling  coil  or  plates,  the  liquid  refrigerant  is  evaporated  (or 
boiled)  into  a  vapor  by  absorbing  heat  from  the  air  or  other  medium  in  which  the 
evaporator  is  submerged.  This  vapor  is  conducted  through  the  suction  line  to  the  com- 
pressor where  it  is  compressed  into  a  high  pressure  gas.  Its  temperature  is  correspond- 
ingly raised  with  its  pressure.  The  high  pressure  gas  is  discharged  through  the  hot  gas 
line  into  the  condenser  where  it  condenses  back  to  a  liquid  through  contact  with  the  cold 
condenser  surfaces.  The  heat  from  the  hot  gas  is  dissipated  into  the  condensing  medium 
which  surrounds  the  condenser. 

In  most  modern  refrigerating  systems  the  compressor  and  condenser,  along  with  the 
standard  accessories,  are  mounted  on  a  single  frame  and  constitute  the  condensing  unit. 
This  unit  then  includes  all  of  the  parts  necessary  to  condense  the  vapor  from  the  evap- 
orator back  to  the  liquid  state  ready  to  be  delivered  again  to  the  evaporator.  From  the 
above  it  is  obvious  that  the  functions  of  the  condensing  unit  are  twofold;  first,  to  re- 
claim the  gas  to  a  liquid  state,  and,  second,  to  maintain  the  desired  suction  pressure  for 
satisfactory  evaporator  operation. 

The  components  of  a  condensing  unit  are: 

Compressor. — Reciprocating  or  rotary 

Condenser.— Air-cooled,  water-cooled,  combination  air  and  water-cooled,  or  evaporative 

Source  of  Power. — Electric  motor,  belt-connected  or  direct-connected,  or  other  prime 

mover  such  as  gas,  gasoline,  diesel,  steam  engine 
Control   Switch. — Low    pressure    or    thermostat,   high    pressure   cut   out   and    overload 

protection 

Commercial  compressors  used  in  open  (not  hermetically  sealed)  refrigerating  systems, 
or  where  the  system  is  not  self-contained,  are  usually  of  the  reciprocating  type. 

Condensers 

The  type  of  condenser  depends  upon  the  method  of  keeping  the  condensing  surfaces 
cool. 

Water-cooled  condensers  are  of  several  types.  Some  of  the  shell  and  coil  type  in 
which  the  hot  gas  is  discharged  inside  a  steel  drum  which  contains  coiled  finned  tubes. 
Water  is  circulated  within  the  coils,  keeping  the  coil  and  fins  cool.  Hot  gas  coming  in 
contact  with  these  relatively  cool  surfaces  gives  up  heat  through  the  surfaces  into  the 
water  which  is  being  circulated.  Other  models  are  of  the  shell  and  finned  tube  type,  with 
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straight  lengths  of  water  tubes  terminating  in  tube  sheets.  The  refrigerant  which  is  con- 
densed drips  off  of  the  fins  and  accumulates  in  the  lower  space  of  the  condenser  shell. 

An  air-cooled  condenser  consists  of  a  finned  tube  radiator  into  which  the  hot  gas  is 
discharged,  while  the  condensing  air  is  blown  over  the  fins.  The  hot  gas  discharge  being 
warmer  than  the  air,  gives  up  its  heat  thru  the  walls  of  the  tubes  and  fins  into  the  air. 
The  liquid  which  is  condensed  within  the  tubes  drains  by  gravity  to  the  receiver  beneath 
the  condenser. 

Combination  air-cooled  and  water-cooled  condensers,  supplied  with  combination  air- 
cooled  and  water-cooled  condensing  units,  are  usually  of  the  standard  sizes  supplied  with 
units  of  comparable  size.  The  machine  will  operate  normally  as  an  air-cooled  unit.  How- 
ever, when  the  air  temperature  rises  above  a  predetermined  point,  depending  upon  the 
method  used  in  applying  the  equipment,  the  water-cooled  condenser  will  come  into  opera- 
tion. When  the  weather  cools  off  in  the  fall  and  winter,  the  machine  operates  as  an  air- 
cooled  unit. 

Evaporative  condensers  are  constructed  with  a  condensing  coil  somewhat  similar  to 
that  of  the  air-cooled  condenser,  the  fins  of  which  are  kept  moist  by  a  spray  of  water. 
Air  is  circulated  over  these  fins  by  means  of  a  circulating  fan.  The  moisture  on  the  sur- 
faces of  the  warm  tubes  and  fins  evaporates  and  is  taken  up  into  the  circulating  air.  The 
heat  required  to  evaporate  this  moisture  comes  from  the  hot  gas  which  is  in  contact  with 
the  inner  surfaces  of  the  tubes.  The  hot  gas  is  correspondingly  condensed  to  a  liquid 
state.  It  is  very  important  that  the  circulating  air  be  discharged  in  such  a  manner  that 
it  cannot  be  recirculated  back  into  the  condenser,  since  the  discharged  air  is  practically 
saturated  with  moisture,  and  will  not  take  up  additional  moisture  upon  its  recirculation. 

Receivers 

The  receiver  in  the  water-cooled  condenser  is  formed  by  the  shell  of  the  condenser. 
These  condensers  are  sometimes  called  "condenser-receivers".  As  noted  above,  air-cooled 
condensers  require  a  separate  liquid  storage  space.  All  of  the  inside  surfaces  of  the  tub- 
ing which  forms  the  condenser  is  required  to  maintain  contact  with  the  hot  gas  for  suit- 
able condensing  operation.  Therefore,  the  liquid  must  be  continually  drained  and  stored 
in  a  separate  container.  This  receiver  is  usually  mounted  under  the  frame  and  has  a  suf- 
ficiently large  liquid  line  connecting  into  it  from  the  condenser  to  allow  gravity  flow  of 
the  refrigerant  into  the  receiver. 

Since  the  evaporative  condenser  coils  are  similar  to  the  air-cooled  coils,  a  receiver  is 
required.  This  receiver  is  included  as  a  part  of  the  unit  in  most  models.  When  a  receiver 
is  not  provided  as  part  of  the  evaporative  condensers  it  is  necessary  to  provide  a  re- 
ceiver capacity  somewhere  in  the  system. 

Power  Equipment  for  Driving  Compressor 

An  electric  motor,  gasoline  engine  or  other  prime  mover  is  the  component  of  the 
condensing  unit,  which  is  required  to  rotate  or  drive  the  compressor.  It  must  have  suf- 
ficient torque  to  drive  the  compressor  under  maximum  conditions  without  damage  to 
itself.  This  torque  must  be  sufficient  to  start  and  bring  the  compressor  up  to  a  speed  as 
well  as  to  maintain  it  at  reasonably  constant  speed  under  full  load. 

Selection  of  Condenser 

The  type  of  condensing  unit  selected  will  depend  on  the  kind  of  condensing  medium 
which  will  be  locally  suitable  or  more  economical  for  the  particular  application.  Each 
type  of  condensing  unit  has  certain  requirements  and  characteristics  which  should  be 
called  to  mind  when  making  a  selection. 
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Condensing  unii       '"A  Refrigerator 

A  Simple  Refrigeration  System 

The  refrigeration  liquid  (A)  is  stored  in  the  receiver  (B)  until  needed,  whereupon  it  travels  through 
the  liquid  line  (C)  to  the  evaporator  (D),  passing  through  the  refrigerant  liquid  control  device  (X). 
It  immediately  cools  to  evaporator  temperature  and  promptly  begins  to  collect  heat  from  the  refrigerator. 
The  liquid  and  heat  combine  to  form  a  gas  which  collects  in  the  space  (E)  above  the  liquid.  The  pump- 
ing action  of  the  compressor  on  the  condensing  unit  pulls  the  heated  gas  from  the  evaporator  through  the 
suction  line  or  return  tube  (F)  to  the  crankcase  (G).  From  this  point  it  is  picked  up  by  the  piston 
(H)  and  compressed,  and  forced  into  the  condensing  coil  (I)  where  the  heat  is  given  up  to  a  stream 
of  air  or  water  which  is  passed  over  the  coil.  As  the  heat  is  removed,  the  refrigerant  gas  automatically 
returns  to  its  liquid  state  and  flows  back  into  the  receiver  from  which  it  started. 

The  low  pressure  side  is  shown  in  light  lines.  This  includes  all  parts  of  the  condensing  unit  below 
the  discharge  valve  (V),  the  low  pressure  control  (P),  suction  line  (F)  from  evaporator  (D)  to  con- 
densing unit,  and  the  evaporator  (D)  itself.  The  high  pressure  side  is  shown  by  heavy  lines.  This  in- 
cludes all  parts  of  the  condensing  unit  above  the  discharge  valve  (V),  the  receiver  (B),  the  condenser 
(I),  the  liquid  line  (C)  from  the  receiver  (B)  to  the  evaporator  (D). 


Water-cooled  condensing  units  usually  operate  at  lower  condensing  pressure  than  air- 
cooled,  with  low  wattage  input  and,  therefore,  less  outlay  for  current.  There  is,  of  course, 
the  condensing  water  requirement  and  its  cost  may  be  greater  than  the  savings  in  the 
cost  of  electricity.  Ventilation  of  the  air  surrounding  the  condensing  unit  will  be  primarily 
for  the  purpose  of  carrying  away  the  heat  from  the  motor  and  compressor  head.  Those 
condensing  units  are  usually  selected  in  the  larger  sizes  where  low  water  temperatures, 
low  cost  water,  or  high  cost  electricity  prevail.  The  capacity  of  the  water-cooled  con- 
densing unit  varies  directly  with  the  back  pressure  and  inversely  with  the  water  tempera- 
ture. It  also  varies  directly  with  the  quantity  of  water  circulated.  Water-cooled  conden- 
sing units  will  necessitate  the  installation  of  water  supply  and  drain  lines  to  and  from  the 
unit.  Air-cooled  condensing  units  usually  operate  at  a  higher  condensing  pressure  than 
water-cooled  units.  The  result  is  greater  electrical  consumption.  The  ventilation  require- 
ments of  an  air-cooled  condensing  unit  are  considerably  greater  than  those  of  a  water- 
cooled  unit  since  all  of  the  heat  absorbed  in  refrigeration,  as  well  as  the  heat  equivalent 
of  the  work  of  compression  and  motor  heat,  is  dissipated  into  the  air  surrounding  the 
condensing  unit.  The  minimum  space  requirement  is  an  important  consideration  for  air- 
cooled  condensing  units.  These  condensing  units  are  most  commonly  used  in  the  small 
refrigerating  units  and  are  obtainable  in  sizes  up  to  three  horsepower.  The  capacity  of 
the  air-cooled  condensing  unit  will  vary  directly  with  the  suction  pressure  and  inversely 
with  the  condensing  air  temperature. 

Evaporative  condensers  and  receivers  are  usually  mounted  separate  from  the  com- 
pressor. Some  models  have  the  regular  air-cooled  receiver  as  standard  equipment  on  the 
compressor  assembly.  The  combination  of  the  compressor  units  with  the  evaporative  con- 
denser constitutes  the  complete  condensing  unit  in  this  type  of  a  system.  This  system  is 
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usually  balanced  to  operate  at  a  lower  condensing  pressure  than  the  water-cooled  unit. 
However,  the  fan  requirements  of  the  evaporative  condenser,  in  addition  to  the  com- 
pressor motor,  create  a  current  consumption  from  3  to  5  percent  greater  than  the  elec- 
trical consumption  of  the  water-cooled  units  under  similar  conditions.  However,  the  wa- 
ter consumption  of  the  evaporative  condenser  system  is  from  90  to  95  percent  less  than 
in  the  water-cooled  system. 

The  refrigerating  system  using  the  evaporative  condenser  feature  will  have  greater 
first  cost  than  either  the  air-cooled  or  water-cooled  systems.  However,  its  operating  cost 
is  less  than  that  of  the  air-cooled  or  water-cooled  systems.  In  many  cases  the  additional 
first  cost  can  be  paid  off  in  savings  in  operating  costs  in  from  two  to  six  years.  This 
added  cost  can  be  economically  justified  in  most  cases  if  it  can  be  amortized  in  approxi- 
mately four  years.  The  final  choice  between  the  types  of  systems  to  be  recommended  de- 
pends upon  the  relative  availability  of  water  and  electricity,  and  physical  requirements 
at  the  site  of  installation.  If  the  electric  cost  is  high  and  the  water  cost  is  low,  with  wa- 
ter of  reasonably  low  temperature  available,  a  water-cooled  condenser  should  be  selected. 
In  some  cases  the  water  rate  through  the  condenser  may  be  increased  above  the  normal 
requirements  with  a  saving  in  operating  cost.  However,  with  low  electric  cost  and  high 
water  cost,  or  water  shortage  and  high  water  temperature,  an  air-cooled  condenser  will 
prove  best  in  the  smaller  units  and  the  evaporative  condenser  in  the  larger  units.  If  no 
water  is  available,  it  will  be  necessary  to  use  an  air-cooled  condenser. 

Cooling  Units 

Cooling  unit  is  an  all  inclusive  term  designating  a  device  used  for  the  purpose  of  ab- 
sorbing heat  from  a  space  or  liquid.  By  means  of  a  refrigerant  in  the  interior  of  the  cool- 
ing unit,  this  heat  is  transferred  to  the  condensing  unit  there  to  be  dissipated  into  the 
cooling  medium  used  with  this  unit.  Cooling  units  are  variously  named  evaporators,  cool- 
ing coils,  brine  coils,  brine  tanks,  plate  coils,  etc. 

Cooling  units  can  be  divided  into  two  general  types: 

a.  Evaporators 

b.  Cooling  Coils  or  Tanks 

Evaporators. — An  evaporator  is  a  metal  container  for  a  liquid  refrigerant.  As  its 
name  indicates,  it  is  the  part  of  the  refrigerating  system  in  which  evaporation  or  boiling 
takes  place.  The  walls  of  the  container,  besides  holding  the  refrigerant  in  a  given  space, 
also  act  as  the  heat  transfer  agent  between  the  medium  surrounding  the  container  and 
the  liquid  refrigerant.  Heat  is  absorbed  in  this  process  because  of  the  latent  heat  that  is 
taken  up  by  the  refrigerant  in  the  change  from  the  liquid  to  the  gaseous  state.  Systems 
using  evaporators  for  a  cooling  unit  are  called  direct  expansion  systems. 

Cooling  Coil. — A  cooling  coil  (or  tank)  is  a  metal  container  for  liquid  refrigerant 
(but  the  refrigerant  used  does  not  boil  or  evaporate) .  The  refrigerant  absorbs  heat  by  a 
rise  in  temperature  without  changing  its  physical  state.  (Sensible  heat  is  thus  a  means  of 
absorbing  heat) .  As  with  an  evaporator,  the  walls  of  the  container  act  as  the  heat  trans- 
fer agent  between  the  space  or  medium  being  cooled  and  the  liquid  doing  the  cooling. 
Systems  using  cooling  coils  are  called  indirect  systems. 

Heat  Transfer. — The  transfer  of  heat  from  the  space  or  medium  surrounding  the 
cooling  unit  to  its  outside  surface,  through  the  walls  to  the  inside  surface  of  the  unit,  and 
thence  to  the  liquid  refrigerant,  is  made  possible  by  the  operation  of  a  simple  law  of 
nature  stated  thus:    Heat  always  flows  from  a  warmer  to  a  colder  object.    From  the 
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standpoint  of  temperature,  this  means  that  the  temperature  of  the  liquid  refrigerant  must 
be  lower  than  the  surface  of  the  container,  and,  in  turn,  the  surface  must  be  at  a  lower 
temperature  than  the  space  or  medium  surrounding  it.  In  a  refrigerator,  evaporator,  brine 
tank,  or  whatever  refrigeration  is  furnished,  heat  transfer  takes  place  because  of  the  exist- 
ence of  this  difference  in  temperature. 

Cooling  Unit  Application 

The  use  of  cooling  units  in  refrigeration  work  can  be  divided  into  three  general 
classifications:  (1)  To  cool  air;  (2)  to  cool  liquids;  (3)  to  freeze  liquids  or  solids.  Some- 
times combinations  of  these  three  are  involved;  for  example,  in  household  refrigerators 
the  cooling  unit  both  cools  the  air  in  the  fixture  and  freezes  ice  cubes. 

Cooling  Air. — Several  types  of  cooling  units  are  used  to  cool  air  insofar  as  its  physi- 
cal make-up  is  concerned:  (1)  Finned  pipe  or  tubing;  (2)  bare  pipe  or  tubing;  (3)  brine 
tanks;   (4)  plate-type  cooling  units. 

These  may  be  operated  with  gravity  air  circulation  or  with  forced  air  circulation. 
What  makes  one  more  desirable  than  the  other  depends  upon  the  temperature  required, 
the  characteristics  of  products  being  cooled,  space  and  shape  limitations,  type  of  duty  to 
be  performed,  and  service  requirements. 

The  choice,  insofar  as  "design  fixture  temperature"  is  concerned,  usually  hinges  on 
operation  above  or  below  "34  to  35  deg.  F."  and  the  moisture  conditions  prevailing  in- 
side and  outside  the  fixture. 

Air  Circulation. — A  cooling  unit  can  absorb  heat  only  when  the  heat  is  brought  to  it. 
Therefore,  proper  air  circulation  is  necessary  to  carry  the  heat  of  the  fixture  to  the  unit 
where  the  heat  can  be  absorbed.  Forced  air  circulation  may  be  undesirable  for  some  in- 
stallations; natural  or  gravity  air  circulation  is  adequate  if  proper  provisions  are  made 
for  it.  The  natural  tendency  of  warm  (lighter)  air  to  rise  and  cold  (heavier)  air  to  fall 
makes  it  imperative,  for  gravity  circulation,  that  the  cooling  units  be  placed  as  high  as 
possible  in  the  fixture,  etc.,  and  also  that  paths  of  travel  be  provided  so  the  ascending 
and  descending  air  currents  will  not  interfere  with  each  other. 

Nature  Cooling  Unit  Surface. — The  importance  of  the  nature  of  the  surface  is  real- 
ized when  consideration  is  given  to  the  effect  that  an  accumulation  of  ice  or  frost  has 
upon  the  heat  capacity  of  a  cooling  unit.  Finned  evaporator  capacities,  which  are  based 
upon  the  complete  defrosting  of  the  evaporator  surfaces  when  the  condensing  unit  is  idle, 
are  greatly  reduced  when  such  a  formation  is  allowed  to  remain  upon  the  evaporator. 
This  reduction  in  capacity  is  undesirable  because  it  results  in  high  fixture  temperatures 
and  unsatisfactory  product-keeping  conditions.  Usually  finned  evaporators  are  specified 
for  holding  temperatures  at  or  above  34  to  35  deg.  F.  where  automatic  defrosting  is 
desired. 

Defrosting 

Water  freezes  at  32  deg.  F.  Therefore,  if  the  surface  temperature  of  a  cooling  unit  is 
below  32  deg.  F.,  some  of  the  moisture  present  in  the  air  will  freeze  on  the  cooling  unit 
surface.  In  order  to  maintain  cooling  unit  capacity,  it  is  necessary  to  get  rid  of  this  ac- 
cumulation of  frost  or  ice  at  regular  intervals. 

Automatic  Defrosting.— -Where  operating  conditions  (design  fixture  temperature,  op- 
erating refrigerant  temperature  and  condensing  unit  running  time)  will  permit,  the  re- 
moval of  frost  may  be  accomplished  automatically  by  the  use  of  controls  normally 
supplied  with  condensing  units  by  most  manufacturers.  By  proper  adjustment  of  those 
controls,  the  condensing  unit  is  cycled  to  suit  the  job  at  hand,  or  by  the  use  of  a  time 
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clock  which  will  shut  the  system  down  at  suitable  and  convenient  intervals  and  return 
it  to  normal  operation  thereafter.  This  system  is  only  usable  as  a  general  rule  when  fix- 
ture temperatures  of  around  32  to  35  deg.  F.  or  more  are  employed,  or  when  the  fixture 
can  be  quickly  warmed  up  to  approximately  35  deg.  F.  in  a  reasonable  period  of  time 
and  not  damage  the  products  in  storage. 

Manual  Defrosting. — In  certain  types  of  refrigerating  duty  requiring  frosted  evap- 
orators, it  is  impossible  to  defrost  automatically  by  normal  cycling  of  the  condensing 
unit.  Therefore,  it  is  necessary  to  defrost  by  mechanical  methods  or  by  shutting  down 
the  system.  The  mechanical  method  requires  the  use  of  picks  and  scrapers  to  remove  the 
ice  and  frost.  This  calls  for  the  use  of  steel  pipe  or  plate-type  cooling  units.  A  second 
method  of  manual  defrosting  is  usable  when  design  fixture  temperatures  are  not  below 
35  deg.  F.,  or  where  it  is  permissible  to  allow  the  room  to  warm  up  to  35  deg.  F.  or 
more  at  suitable  intervals,  by  opening  the  main  switch  to  the  condensing  unit  or  units 
operating  the  room  and  allowing  them  to  stand  idle  until  defrosting  is  completed.  If 
forced  air  evaporators  are  used,  the  fans  should  be  kept  moving  to  speed  the  defrosting 
operation. 

Hot  Gas  Defrosting. — On  low-temperature  commercial  installations  where  it  is  de- 
sirable to  defrost  the  evaporator  in  a  relatively  short  time  without  shutting  the  system 
down,  the  "hot  gas"  method  may  be  used  by  employing  two  or  more  evaporators  in  the 
system.  The  evaporator  being  defrosted  is  used  entirely  as  a  condenser,  while  the  remain- 
ing evaporator  or  evaporators  continue  the  function  of  cooling.  In  no  case  should  the 
evaporator  to  be  defrosted  (condenser)  be  larger  than  the  remaining  evaporator  or  evap- 
orators in  the  system.  The  best  results  are  obtained  when  the  system  can  be  split  into 
three  equal  size  evaporators.  This  system  cannot  be  used  with  two  evaporators  in  the 
same  casing,  a  common  construction  in  some  large  forced-air  units. 

Electrical  Defrosting. — With  some  types  of  forced-air  evaporators,  defrosting  may  be 
handled  at  low  temperatures  by  electrical  means.  The  cooling  unit  may  be  arranged  in 
a  suitable  housing  (preferably  insulated  at  low  temperatures)  with  manual  dampers,  so 
that  air  is  recirculated  by  the  fan  within  the  housing  during  the  defrosting  period.  An 
electrical  heating  element  may  be  placed  in  the  recirculating  air  stream  to  raise  its  tem- 
perature well  above  35  deg.  F.  This  element  may  be  thermostatically  controlled  to  cut 
off  the  heater  when  temperatures  of  70  to  80  deg.  are  reached. 

This  will  avoid  building  up  the  low-side  pressure  to  a  point  where  control  bellows 
or  diaphragms  might  be  damaged.  The  defrost  water  drain  should  be  sloped  steeply  from 
the  unit  to  an  open  drain  outside  the  room.  "Soil  heating  cable"  may  be  attached  to  the 
drain  to  keep  its  temperature  above  freezing  during  defrosting.  This  cable  should  be  con- 
nected electrically  to  operate  with  the  air  heating  element. 

Brine  or  Water  Defrosting. — A  spray  of  brine  or  water  has  been  used  to  defrost  low- 
temperature  cooling  units  with  more  or  less  success,  depending  on  the  details' of  the  in- 
dividual installation  and  the  attention  given  to  operation  by  the  user  of  the  equipment. 
With  brine  as  the  defrosting  medium,  a  small  circulating  pump  is  used  to  feed  the  brine 
to  spray  heads  which  distribute  it  over  the  cooling  unit  surface.  Pump  operation  may  be 
automatic  or  manual  control.  When  applied  to  forced  air  cooling  units,  the  fans  should 
be  stopped  during  defrosting  unless  the  unit  is  equipped  with  eliminators,  which  will 
prevent  the  brine  being  carried  into  the  refrigerated  space.  The  brine  returns  to  the 
brine  reservoir  to  be  recirculated.  The  same  precautions  apply  to  the  use  of  this  method 
of  defrosting  as  apply  to  the  use  of  the  brine  spray  type  of  forced-air  cooling.  Using  wa- 
ter as  a  defrosting  medium,  spray  heads  are  located  above  the  cooling  unit;  city  water  is 
piped  to  the  sprays,  the  fan  and  condensing  unit  are  shut  down  during  defrosting;  and 
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the  water  is  carried  away  by  a  deeply  sloped  drain  pan  and  drain  line  to  an  open  drain 
outside  the  low  temperature  room.  By  the  use  of  a  three-way  valve,  the  sprays,  water 
lines  and  drain  lines  are  drained  to  prevent  freezing  when  defrosting  is  completed  and 
normal  cooling  operation  is  resumed. 

Outside  Air  Defrosting. — This  method  is  usually  applicable  only  to  forced-air  cooling 
units. 

Defrosting  Problems. — Occasionally  it  happens  that  abnormal  service  and  high  heat 
or  humidity  may  cause  a  finned  evaporator  which  is  normally  defrosting,  to  frost,  in 
which  case  manual  defrosting  is  necessary.  This  is  done  by  pulling  the  electric  switch  and 
leaving  the  current  off  until  the  frost  has  melted  away.  The  temperature  will  rise  a  few 
degrees  during  this  interval,  as  refrigeration  is  supplied  only  by  the  melting  frost. 

The  defrosting  of  a  finned  evaporator  occurs  when  the  refrigerant  temperature  rises 
to  or  slightly  above  32  deg.  F.  It  follows  that  an  average  fixture  or  room  temperature 
of  34  or  35  deg.  F.  is  about  as  low  as  can  be  produced  with  a  completely  defrosting 
evaporator. 

When  higher  fixture  temperatures,  such  as  40  to  44  deg.  F.,  are  supplied,  the  tem- 
perature control  should  be  set  so  that  the  final  defrosting  temperature  is  above  34  deg. 
F.  and  approaching  within  2  deg.  F.  of  refrigerator  temperature.  This  will  help  to  elim- 
inate finned  evaporator  defrosting  troubles  which  are  encountered  when  unusual  condi- 
tions arise. 

Defrosting,  Ice  Making  and  Prime  Surface  Evaporators. — Certain  conditions  are  en- 
countered in  refrigeration  work  that  make  it  impossible  for  any  class  or  type  of  evap- 
orator to  defrost  automatically  even  though  the  duty  is  normal,  fixture  temperatures  are 
above  34  deg.  F.,  and  the  proper  capacity  condensing  units,  controls  and  evaporators 
have  been  specified.  An  evaporator  equipped  with  trays  for  the  dual  purpose  of  making 
ice  cubes  and  cooling  air  is  one  type  that  cannot  operate  on  a  defrosting  cycle.  If  such 
an  operation  is  attempted,  the  partially  frozen  ice  cubes  as  well  as  the  frost  will  melt 
during  the  idle  period  of  the  condensing  unit.  Such  evaporators  must  be  set  to  operate 
on  a  non-defrosting  cycle  and  defrosted  manually  when  necessary. 

Prime  surface  evaporators  and  other  finless  evaporators,  of  course,  cannot  be  oper- 
ated on  a  defrosting  cycle  when  the  refrigerator  and  cooler  temperatures  are  below  or 
slightly  above  the  freezing  point  of  32  deg.  F.  Neither  can  a  complete  defrosting  cycle 
always  be  expected  for  prime  surface  evaporators  in  most  installations  in  the  range  of  36 
to  45  deg.  F.  It  is  imperative  then,  that  manual  or  hot-gas  defrosting  be  resorted  to  at 
frequent  intervals  on  low  temperature  or  prime  surface  evaporator  installations  in  order 
that  proper  refrigeration  conditions  be  provided. 

Cooling  units  using  brine  below  32  to  34  deg.  F.  for  the  refrigerant  cannot  be  ex- 
pected to  defrost  automatically  as  the  mass  of  brine  in  the  unit  usually  will  be  so  large 
that  too  much  time  will  be  required  to  heat  it,  resulting  in  an  improper  fixture 
temperature. 

Control  of  Humidity 

Selection  of  proper  Temperature  Differential. — In  order  to  produce  best  results,  the 
use  of  the  proper  temperature  differential  is  necessary  with  either  forced  air  or  gravity 
circulation.  The  length  of  time  a  product  is  to  be  held  in  storage,  its  moisture  content 
and  the  ease  with  which  it  loses  that  moisture  have  a  bearing  on  the  choice  of  tempera- 
ture differential.  The  temperature  differentials  required  for  forced  air  circulation  are 
closer  than  for  gravity  air  circulation,  but  the  same  general  rules  apply  to  both,  insofar 
as  grouping  products  for  temperature  differentials  is  concerned. 
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A  general  idea  for  the  selection  of  the  proper  temperature  differential  for  various 
types  of  perishables  may  be  obtained  by  an  examination  of  the  table.  When  in  doubt, 
Class  2  is  generally  a  good  choice. 

Recommended  Temperature  Differentials  for  Various  Types 
of  Perishable  Products 

Temperature  Differential* 
For  Gravity         For  Forced 
Air  Air 

Class  Type  of  Product  or  Perishable  Circulation  Circulation 

1  Products  requiring  high  relative  humidity;  eggs, 

boxed  poultry,  long-time  storage  of  cheese 14°-18°  6°-  9° 

2  Storage  for  limited  time.  Beer  in  wood  kegs,  cut 
meats,    vegetables,   etc.,  sold   retail.  Evaporation 

rates   high    18°-22°  9°-12° 

3  Requiring    moderate    relative    humidity;    carcass 

meats,  certain  fruits,  etc 21°-27°  12°-20° 

4  Products  requiring  low  relative  humidity;  choco- 
lates, furs,  woolens,  canned  goods,  barreled  goods, 

beer  in  steel  kegs,  etc 27°-38°  20° 

*  Difference  between  the  temperature  in  the  room  and  the  refrigerant  temperature  in  the  evaporator 
cooling  the  room. 

General 

Location  of  Gravity  Air  Cooling  Units. — The  space  requirements  for  the  installation 
of  gravity  cooling  units  should  be  studied  carefully.  Space  should  be  allowed  on  all  sides, 
top  and  bottom  for  the  proper  circulation  of  air.  Under  no  circumstances  should  the  top 
of  the  unit  be  placed  higher  than  the  top  of  the  warm  air  baffle.  Neither  should  the  unit 
be  too  close  to  the  baffle  or  the  deck. 

Prime  Surface  Cooling  Units 

Air  Cooling. — Prime  surface  (or  bare  pipe  or  tubing)  evaporators  are  adaptable  to 
cooling  air  in  most  any  type  of  refrigerator,  cooler,  case  and  counter  for  a  temperature 
range  of  well  below  0  to  SO  deg.  F. 

Liquid  Cooling. — Prime  surface  evaporators  of  steel  pipe  or  copper  tubing  are  very 
desirable  for  the  refrigeration  of  liquids.  When  the  large  condensing  units  are  furnished 
for  liquid  cooling,  steel  pipe  evaporators  are  generally  specified  in  preference  to  copper 
tubing.  Steel  pipe  evaporators  are  made  up  to  meet  specifications  and  are  not  carried  in 
stock  because  they  cannot  be  applied  universally. 

Coil  Designs. — The  length  of  pipe  that  can  be  put  in  a  given  space  depends  upon  the 
general  design  of  the  coil,  as  well  as  the  size  of  the  pipe.  The  four  general  designs  in  use 
are  flat  coils,  zig-zag  coils,  oval  coils  and  cylindrical  coils. 

Refrigerant  Controls.— Since  most  steel  pipe  evaporators  will  be  operated  at  temper- 
atures of  34  deg.  F.  or  below,  each  fixture,  when  possible,  should  be  made  a  unit  instal- 
lation. A  series  hook-up,  and  the  automatic  expansion  valve  may  also  be  used.  This  type 
of  an  installation  requires  a  thermostat  switch  for  temperature  control.  Thermostatic  ex- 
pansion valves  may  also  be  used  for  low  temperature  work  if  certain  precautions  are 
observed. 

If  temperatures  above  freezing  are  maintained,  the  thermostatic  expansion  valve  is 
preferable  in  connection  with  the  low  pressure  switch.  By  using  this  combination,  it  is 
possible  to  multiplex  pipe-coil  evaporators.  It  is  necessary  to  defrost  the  evaporators 
frequently  in  order  to  prevent  a  heavy  accumulation  of  frost  from  forming  on  the 
thermostat  bulb. 
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With  finned  evaporators,  experience  has  shown  that  better  results  can  be  obtained 
when  a  parallel  hook-up  is  made,  using  one  expansion  valve  for  each  evaporator,  instead 
of  a  series  hook-up.  With  steel  pipe  evaporators,  however,  series  hook-ups  have  been 
quite  successful  for  the  general  run  of  installations,  providing  the  length  of  pipe  used 
conforms  with  good  practice  from  the  pressure  drop  standpoint. 

Application  of  Prime  Surface  Cooling  Units  to  Cool  Air. — The  application  of  steel 
pipe  evaporators  to  various  types  of  refrigerator  equipment  is  merely  a  matter  of  differ- 
ence of  details;  the  theory  is  the  same  in  all  instances.  There  is  considerable  controversy 
as  to  the  correct  method  of  expanding  through  pipe  evaporators.  Some  think  that  ex- 
pansion should  start  at  the  top,  following  downward.  Others  believe  it  best  for  the  ex- 
pansion to  start  at  the  bottom  and  follow  upward.  Both  methods  are  used.  Choice  is 
determined  by  individual  installation. 

Location  of  Pipe  Cooling  Coils  or  Evaporators. — Cooling  coils  or  evaporators  should 
always  be  placed  as  high  in  the  fixture  (or  room)  as  possible,  so  that  the  flue  effect  is 
improved  and  better  circulation  is  obtained.  This  arrangement  maintains  a  more  uniform 
temperature  in  the  fixture.  In  each  installation  the  coils  must  be  especially  designed,  and 
conditions  surrounding  the  installation  will  usually  make  one  type  of  layout  the  best, 
likewise,  the  easiest  to  connect,  install  and  maintain.  When  head  room  will  permit,  it  is 
advisable  to  install  the  coils  overhead.  Whether  baffles  or  drip  pans  will  be  required  will 
depend  on  the  temperature  to  be  maintained  and  the  products  being  stored.  For  low  head 
room,  wall  coils  must  be  used.  When  a  wall  installation  is  required  due  to  restricted  head 
room,  it  is  preferable  that  several  coils  instead  of  one  long  coil  be  used,  and  that  the 
coils  be  placed  on  more  than  one  wall. 

Brine  Tanks. — Application  for  air  cooling.  It  occasionally  happens  that  brine  tanks 
with  copper  tubing  or  steel  pipe  evaporators  can  be  used  more  advantageously  in  certain 
installations  than  finned  or  prime  surface  evaporators.  Such  installations  include:  (1) 
Refrigeration  of  milk  storage  coolers  with  the  brine  tanks  that  hold  the  brine  used  in 
aerators  for  cooling  milk;  (2)  applications  requiring  holdover  refrigeration  for  refriger- 
ators and  coolers  that  are  operated  by  non-automatic  condensing  units. 

Application  of  Prime  Surface  Cooling  Units  to  Cool  Liquids. — These  may  be  of  two 
general  types:  Evaporators — where  the  cooling  is  based  on  evaporating  a  liquid  refriger- 
ant to  a  gas  and  the  cooling  is  accomplished  due  to  the  latent  heat  of  the  refrigerant;  01 
cooling  coils — where  a  liquid  refrigerant  such  as  water  or  brine,  is  circulated  through  the 
system  and  furnishes  refrigeration  because  of  the  sensible  heat  transfer  due  to  the  rise  in 
the  temperature  of  the  refrigerant.  They  are  usually  used  to  cool  water  or  brine  but  may 
also  cool  liquid  chemicals  in  some  industrial  processes.  Water  may  be  cooled  to  be  used 
as  drinking  water.  It  may  be  used  for  process  water  or  may  be  employed  as  a  heat  trans- 
fer medium  between  some  substance  or  space  being  refrigerated  and  the  refrigerant  in 
the  evaporator.  Refrigerated  brine  is  used  principally  as  a  medium  for  transferring  heat 
from  a  substance  or  space  being  cooled  to  the  refrigerant  in  the  evaporator. 

Forced  Air  Cooling  Units  are  especially  suitable  for  chilling  rooms  in  wholesale  estab- 
lishments for  cooling  products  from  atmospheric  and  animal  body  temperature  to  stor- 
age temperatures.  They  can  be  used  successfully  in  rooms  where  products  are  stored  in 
bulk,  such  as  butter,  candy,  cheese,  eggs,  films,  fruits,  furs,  lard  and  meat  (in  carcass). 
They  can  also  be  used  successfully  in  meat  precooling,  packing  houses,  poultry  houses, 
candy  making  and  general  food  storage.  The  success  to  be  secured  with  forced  air  cool- 
ing units  depends  entirely  on  careful  attention  to  the  details  of  application.  The  appli- 
cation of  forced-air  cooling  units  requires  very  careful  consideration  of  the  characteristics 
of  the  product  to  be  stored,  the  operating  characteristics  of  the  unit  to  be  used  for  cool- 
ing and  their  relation  to  each  other. 
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The  product  must  be  given  consideration  based  on  the  length  of  the  storage  period, 
the  conditions  required  for  its  proper  storage  (temperature,  moisture,  and  air  distribu- 
tion condition),  and  the  ease  with  which  the  product  may  be  dehydrated.  As  to  forced 
air  evaporators,  attention  must  be  given  to  properly  balancing  with  the  condensing  unit 
in  use,  to  the  velocity  and  distribution  of  air  leaving  them,  and  to  the  possibility  of 
frosting  up  the  fins  due  to  low  fixture  and  refrigerant  temperatures.  All  of  these  factors 
must  be  balanced  against  each  other  if  a  successful  application  is  to  be  made. 

Duct  Air  Distribution. — Ducts  may  be  used  for  air  distribution  when  required,  but 
centrifugal  type  fan  units  must  be  used.  Ducts  should  be  made  as  short  as  possible  and 
of  large  size  with  low  air  velocities. 

Plate  Type  Cooling  Unit. — A  type  of  cooling  unit,  known  as  the  plate  type,  has  been 
developed  and  came  into  use  within  the  last  few  years.  This  type  of  unit  is  especially 
useful  for  low  temperature  storage,  for  contact-type  freezers  and  for  truck  refrigeration. 
Many  other  uses  are  possible  and  new  applications  will  appear  from  time  to  time. 

Water  Supply,  Etc. 

Consideration  should  be  given  to  quantity,  quality,  temperature  and  available  pres- 
sure before  a  source  of  condensing  water  is  used.  It  is  important  that  the  supply  be  ca- 
pable of  furnishing  sufficient  water  for  the  condenser  under  peak  conditions. 

Water  Conservation. — The  tremendous  water  requirements  brought  on  by  commer- 
cial refrigeration  and  air  conditioning  systems  have  in  many  cases  overtaxed  municipal 
water  supply  systems  as  well  as  sewage  disposal  plants  when  the  water  is  not  reused. 
Since  this  is  becoming  increasingly  serious,  city  authorities  are  becoming  less  willing  to 
permit  additional  connections  to  either  of  these  services.  For  these  reasons  it  is  required 
by  code  in  some  cases,  and  is  very  desirable  in  other  cases,  to  provide  apparatus  for  con- 
serving the  water.  These  features  require  extra  equipment,  such  as  evaporative  condensers 
and  cooling  towers.  The  addition  of  this  equipment  increases  the  first  cost  of  the  system. 
However,  in  practically  every  case  the  operating  cost  is  materially  decreased. 

Cooling  Towers 

Types  of  Towers. — For  general  use  with  refrigerating  equipment,  two  types  of  tow- 
ers are  available.  These  are  the  atmospheric  or  wind  towers,  and  the  forced  draft  towers. 
The  atmospheric  tower  is  designed  for  installation  out  of  doors,  as  the  name  implies,  and 
is  usually  mounted  on  the  roof  of  a  building  where  it  is  possible  to  get  full  exposure  to 
the  prevailing  winds.  Its  efficiency  is  largely  dependent  upon  positive  contact  of  the  out- 
side air  with  the  water  passing  through  the  tower.  In  general,  the  atmospheric  type  of 
tower  consists  of  a  frame  upon  which  are  mounted  louvers  which  serve  to  reduce  the  loss 
of  water  due  to  high  wind  velocities.  The  water  passes  downward  from  the  spray  noz- 
zles, located  at  the  top  through  the  tower,  coming  in  contact  with  air  circulating  through 
the  tower.  The  long  dimension  of  the  tower  should  be  installed  parallel  with  the  pre- 
vailing winds  to  assure  the  passage  of  the  maximum  volume  of  air. 

The  forced  draft  tower  differs  from  the  atmospheric  type  primarily  in  that  contact 
of  the  air  and  water  is  accomplished  by  mechanical  means.  The  forced  air  tower  is  of 
enclosed  construction,  ordinarily  of  metal,  the  air  being  supplied  by  a  fan  at  the  base, 
which  forces  it  up  through  the  tower,  passing  it  through  the  water  sprayed  from  the 
spray  heads  at  the  top.  Being  compact,  it  may  be  used  where  space  is  not  available  for 
the  atmospheric  type.  As  a  rule  this  type  tower  is  located  inside  the  building,  the  exhaust 
air  being  discharged  outside  the  building. 

Condensing  Water  Treatment. — All  water  carries  some  impurities.  These  impurities, 
if  allowed  to  accumulate,  will  develop  into  an  acid  or  alkaline  solution  or  will  form  a 
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sludge.  Cooling  water  should  be  analyzed  and  apparatus  for  treatment  provided  as  re- 
quired to  protect  the  condensers  and  other  equipment  in  the  condensing  water  circuit. 

Conclusions 

The  selection  and  application  of  the  proper  type  of  cooling  unit  involves  the  science 
of  product  cooling.  The  leading  manufacturers  of  refrigerating  equipment  employ  a  staff 
of  engineers  for  handling  that  phase  of  a  project  and  it  is  included  usually  in  the  cost 
of  the  equipment,  installation  being  made  on  manufacturers'  recommendations.  Manu- 
facturers should  be  furnished  with  all  particular  information  regarding  the  source  of 
power  and  water  and  the  products  to  be  handled.  However,  in  case  of  an  unusually  large 
installation,  it  may  be  advisable  to  employ  a  refrigerating  engineer  to  formulate  the 
requirements. 

The  installation  should  conform  to  the  American  Standard  Safety  Code  for  Mechani- 
cal Refrigeration  and  local  codes  should  be  followed. 


Report  on  Assignment  4 

Modernization  of  Station  Buildings 

Collaborating  with  Committee  14 — Yards  and  Terminals 

J.  P.  Gallagher  (chairman,  subcommittee),  H.  M.  Church,  H.  G.  Dalton,  W.  G.  Harding, 
A.  T.  Hawk,  L.  P.  Kimball,  G.  A.  Rodman,  A.  L.  Sparks,  S.  G.  Urban. 

Your  committee  presents  the  following  progress  report  on  the  modernization  of 
passenger  station  buildings  based  on  information  concerning  current  trends  in  this  field 
and  on  the  use  of  modern  material  available  until  recently  for  this  purpose.  In  presenting 
this  report  your  committee  realizes  that,  except  for  extraordinary  cases,  expenditures  for 
the  alteration  and  improvement  of  existing  passenger  stations  or  the  construction  of  new 
stations  are  absolutely  prohibitive.  In  the  face  of  the  conditions  existing  as  a  result  of 
the  war,  neither  men  nor  materials  can  be  spared  for  such  projects. 

However,  the  dislocations  of  passenger  transportation  brought  about  by  the  con- 
struction of  large  army  camps  and  the  development  of  vast  new  war  material  plants, 
have  given  rise  in  not  a  few  instances  to  the  necessity  for  providing  new  or  additional 
passenger  station  facilities  in  locations  where  the  existing  accommodations  are  entirely 
inadequate.  Therefore,  for  the  purpose  of  providing  a  record  of  developments  at  the 
time  that  the  outset  of  the  war  effectively  stopped  such  operations,  as  well  as  to  provide 
information  that  would  be  of  some  value  in  the  construction  of  such  emergency  facilities 
as  are  currently  required,  your  committee  offers  the  report  as  information,  with  the 
recommendation  that  the  subject  be  resumed  at  the  close  of  the  war  for  the  purpose  of 
bringing  the  current  report  up  to  date. 

Your  committee  has  collaborated  with  Committee  14  on  this  assignment,  and  has 
also  reviewed  and  compared  this  report  with  the  report  of  Committee  14  on  its  assign- 
ment: Modernization  of  passenger  terminals.  Corrections,  additions  and  deletions  have 
accordingly  been  made  in  both  reports.  It  was  determined  by  this  collaboration  that  these 
reports  cover  two  distinct  subjects  which,  however,  in  the  final  analysis  supplement  one 
another. 
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1.  General 

The  modernization  of  station  buildings  is  a  vital  and  necessary  step  in  line  with 
the  direction  taken  so  widely  and  successfully  in  the  United  States  and  Canada  in  the 
progressive  modernization  and  streamlining  of  locomotives  and  trains.  The  "streamliner", 
beautifully  designed  both  inside  and  out  in  the  appropriate  modern  style,  offers  many 
added  comforts,  a  faster  schedule  and  an  attractive  environment  for  the  patron  for  the 
duration  of  the  trip.  Too  often  this  train  stops  at  stations  with  crude  outmoded  facilities 
representative  of  an  early  era  of  railroading.  Railroad  station  buildings  have  often  been 
neglected  in  essential  maintenance  and  this  neglect  accentuates  their  unprepossessing 
appearance  and  puts  them  entirely  out  of  keeping  with  the  convenience  and  atmosphere 
of  the  new  trains.  It  is  obvious  that  they  should  provide  an  equally  pleasing  appearance 
and  equivalent  accommodations,  but  the  changes  in  train  equipment  have  far  surpassed 
improvements  in  passenger  stations  both  in  number  and  achievement. 

The  railroad  station,  which  at  one  time  was  the  center  of  activities  of  the  com- 
munity, should  be  restored  to  its  rightful  place,  a  building  to  encourage  the  civic  pride 
of  the  town.  The  value  of  this  community  pride  and  the  advertising  value  to  be  derived 
from  a  station  of  both  beauty  and  convenience  should  be  realized.  This  strong  psycho- 
logical appeal,  coupled  with  speed,  comfort  and  safety  of  modern  trains,  will  help  rail- 
roads to  maintain  a  dominant  position  in  mass  transportation  in  competition  with  air 
lines  and  buses. 

Another  factor  to  be  considered  in  favor  of  remodeling  the  railroad  station  is  the 
better  accommodations  provided  for  the  patrons  by  competitive  air  lines  and  buses. 
They  have  provided  attractive  terminals  equipped  with  modern  comforts.  Some  have 
been  built  in  extreme  modernistic  styles,  in  an  effort  to  derive  the  full  advertising  value 
which  such  treatment  affords,  with  large  signs  to  attract  the  attention  of  the  public.  Such 
extreme  contemporary  style  is  not  recommended  as  an  advertising  attraction  for  railroad 
stations  since  its  life  is  too  limited  for  these  stations.  The  architecture  should  conform  to 
local  environment,  such  as  geographical  and  topographical  conditions,  materials  available, 
types  of  buildings  common  to  the  community,  and  particular  requirements  of  the  in- 
dividual station  facility. 

This  report  deals  with  the  modernization  of  existing  station  buildings.  Nevertheless, 
the  majority  of  factors  covered  by  this  report  should  be  given  full  consideration  in  de- 
signs for  proposed  new  facilities,  either  directly  or  indirectly,  to  eliminate  from  the 
design  all  outmoded  features  of  the  past.  This  consideration  is  particularly  important 
where  standard  plans  for  buildings  have  been  used  indiscriminately. 

The  problem  of  modernization  of  existing  buildings  should  be  analyzed  thoroughly 
as  to  the  scope  and  cost  of  the  work  to  be  undertaken.  The  flexibility  of  the  existing 
plan  and  design  and  its  adaptability  to  obtain  the  desired  result  will  affect  the 
amount  and  nature  of  the  work  to  be  done  and  the  total  cost  of  the  improvement. 
Where  work  is  extensive,  the  estimated  cost  of  the  improvement  should  be  compared 
to  the  cost  of  a  new  building.  Some  old  buildings  will  not  lend  themselves  favorably 
to  all  that  might  be  desired  in  the  way  of  improved  appearance  and  convenience  because 
of  structural  or  architectural  design,  condition  or  size.  In  such  cases,  consideration  should 
be  given  to  a  new  structure  instead  of  an  expensive  modernization,  which,  on  comple- 
tion, would  not  be  as  effective  as  new  construction  involving  approximately  the  same  cost. 

The  scope  of  the  work  can  sometimes  be  limited  to  a  few  essentials  when  the 
permissible  expenditure  is  limited  and  a  satisfactory  measure  of  modernization  can  still 
be  achieved.  No  sacrifice  should  be  made  in  any  reconstruction  necessary  to  eliminate 
structural  defects  of  the  building.  Structural  soundness,  particularly  of  the  foundations, 
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should  be  determined  by  careful  inspection  at  an  early  stage.  This  inspection  should  dis- 
close, in  the  case  of  frame  construction,  whether  termite  activity  is  present  and  if  so, 
proper  means  should  be  taken  to  stop  it  and  to  correct  any  weakness  that  has  been 
caused  by  it. 

Whenever  practicable,  a  modernization  project  should  be  complete  and  include  any 
necessary  changes  in  floor  plan,  interior  and  exterior  treatment  and  design,  lighting, 
heating,  furnishings  and  landscaping.  This  work  will  vary  with  each  building  and  as  a 
general  rule  will  be  limited  by  the  amount  of  money  granted  in  the  authority  for  ex- 
penditure. The  need  of  each  building  for  modernization,  the  character  of  its  surround- 
ings, its  future  usefulness,  and  the  amount  of  revenue  derived  from  the  community  should 
determine  the  extent  of  the  work  to  be  done.  In  some  buildings  a  change  in  decoration 
alone,  particularly  a  change  from  drab  standardized  colors  of  paint  to  modern  bright 
combinations  will  accomplish  all  the  modernization  warranted  at  that  point.  More  com- 
prehensive programs  should  consider  the  subjects  that  follow. 

2.  Plan  of  the  Building 

Readjustment  of  the  floor  plan  will  often  be  necessary  to  provide  adequate  areas 
to  handle  the  character  and  volume  of  passenger  traffic  to  best  advantage.  A  general 
waiting  room  for  the  passenger  station  is  recommended.  Where  there  are  now  separate 
waiting  rooms  for  men  and  women,  it  is  suggested  that  they  be  consolidated.  Separate 
waiting  rooms  for  colored  persons  must  be  maintained  in  the  plan  where  required  by 
state  law. 

The  ticket  office  may  need  modernization.  It  need  not  be  a  separately  enclosed  room. 
Opening  the  office  into  the  waiting  room,  with  only  counters  and  railings  to  set  off  the 
enclosure,  creates  a  more  spacious  effect  and  also  places  the  agent  in  closer  relation  with 
the  public.  It  means  that  he  will  of  necessity  maintain  his  office  in  a  presentable  con- 
dition. Counters  should  be  ample  in  size  and  should  be  equipped  with  drawers,  com- 
partments, racks,  shelving,  etc.,  to  take  care  of  tickets,  cash,  tariffs,  records,  stationery, 
time  tables  and  the  supply  of  advertising  literature.  Every  article  should  be  close  at 
hand  but  generally  out  of  view  of  the  public.  Counter  tops  can  often  be  completely 
open  or,  if  desired,  bank  type  glass  or  grille  rails  may  be  installed  on  top  of  the  counters 
with  designated  openings  to  meet  or  serve  the  patrons.  Where  operating  conditions  de- 
mand the  closing  of  the  office  while  the  waiting  room  remains  open,  drop  sash  or  grilles 
should  be  provided  to  segregate  the  ticket  office  from  the  waiting  room. 

Toilet  rooms  should  be  brought  up  to  modern  sanitary  requirements.  First,  they 
should  be  located  within  the  building  with  convenient  access  from  the  waiting  room. 
Placing  the  rooms  for  men  and  women  adjacent  is  often  economical  in  regard  to 
plumbing  lines,  but  when  this  is  done  it  is  desirable  to  keep  the  entrance  to  each  room 
widely  separated  and  properly  screened. 

Existing  toilet  rooms  should  be  investigated  as  to  capacity  requirements.  Where  sta- 
tions are  used  jointly  as  bus  rest  stops,  the  size  should  be  adequate  for  the  average  peak 
load  requirements  of  both  services.  In  many  stations  remodeling  toilet  facilities  will  im- 
prove them  immeasurably  and  do  away  with  the  most  serious  objection  to  the  station 
as  it  exists.  Old  style  toilet  fixtures  should  be  replaced  with  modern  units.  Individual 
urinal  fixtures  should  replace  old  unsanitary  urinal  troughs.  Modern  flush  valves,  if  water 
under  sufficient  pressure  to  operate  them  properly  is  available,  are  preferable  to  gravity 
or  pneumatic  tank  supplies  for  closet  or  urinal  flushing.  Lavatories  should  always  be 
provided  in  sufficient  number.  It  is  of  utmost  importance,  also,  that  soil  and  water  fines 
be  inspected  for  size  and  condition.  In  many  cases  it  will  be  desirable  and  perhaps  nec- 
essary to  renew  all  plumbing  lines.  In  conjunction  with  the  plumbing  layout  it  is  de- 
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sirable  that  a  sink  be  provided  in  a  service  or  janitor's  closet.  This  last  requirement 
is  a  necessary  component  of  a  modern  station  plan. 

Existing  smoking  rooms  for  men  can  be  eliminated  from  the  modern  plan.  Smoking 
rooms  for  women  may  be  retained,  but  their  size  can  often  be  reduced.  In  the  new  ar- 
rangement this  room  becomes  a  retiring  room  or  powder  room  for  the  women.  Where 
freight,  baggage  and  express  rooms  are  provided  in  combination  with  passenger  stations 
they  should  be  adequate  in  size.  Often  these  rooms  will  be  found  unnecessarily  large 
for  present  fast  freight,  pick-up  and  delivery  rail  shipment  requirements.  The  most  direct 
access  to  these  rooms  from  the  ticket  office  or  waiting  room  is  highly  desirable. 

This  should  also  be  true  of  the  heater  room,  particularly  where  the  heater  is  hand 
fired.  The  heater  room  in  some  buildings  will  comprise  an  addition  to  the  plan  due  to 
the  installation  of  a  central  heating  plant  in  place  of  stoves.  A  separate  enclosed  room 
is  most  desirable  with  ample  fuel  storage  space  for  the  type  and  amount  of  fuel  to 
be  used. 

3.  Interior  Remodeling 

Stations  too  often  reflect  the  period  in  which  they  were  built.  Where  the  present 
interior  treatment  is  basically  along  pleasing  lines  the  addition  of  an  attractive  color 
scheme  will  accentuate  this.  Painting  the  walls  and  ceilings  with  modern  colors  and 
adding  a  new  colorful  floor  of  modern  materials  will  often  create  a  satisfactory  appear- 
ance without  structural  change. 

It  will  often  be  desirable  to  create  a  new  pattern  for  the  interior  treatment.  Bulky 
cornices  and  moldings,  wide  decorative  trim  around  openings  and  high  base  moulds,  once 
the  rule,  were  often  of  poor  design  and  are  dust  collectors.  They  should  be  replaced  with 
plaster  or  other  new  materials  now  available.  The  application  of  these  materials  should 
be  consistent  with  good  architectural  design.  Well  designed  moldings,  narrow  trim,  low 
sanitary  bases,  and  architecturally  correct  doors  and  windows,  all  in  decorative  colors, 
will  bring  an  old  interior  up  to  pleasing  present  day  standards.  Treatment  of  the  walls 
using  decorative  wall  board  in  attractive  color  combinations  with  metal  or  plastic  mold- 
ings laid  out  in  an  architectural  design  of  horizontal  or  vertical  motifs,  is  recom- 
mended, particularly  on  walls  where  the  finish  is  of  wood,  matched  and  beaded  or  "V" 
jointed  material.  This  has  a  common  finish  and  in  smaller  stations  provides  a  good 
base  for  nailing  the  applique  material.  Cementing  decorative  wall  board  to  the  wall  is 
also  practicable.  With  this  material,  beveled  panels  of  the  same  or  similar  materials  can 
be  installed  on  the  ceilings  where  plaster  is  not  desired.  Both  decorative  wall  board  and 
beveled  panel  boards  are  obtainable  in  pleasing  colors. 

Floors  in  old  stations  are  often  drab,  uninteresting,  badly  worn  and  unsanitary. 
The  modern  trend  is  toward  colors  in  the  floor,  and  materials  such  as  asphalt  tile,  rubber 
tile,  linoleum,  and  other  similar  materials  may  be  used.  These  materials  are  easily  in- 
stalled over  existing  floors  but  careful  attention  should  be  given  to  their  cleaning  and 
maintenance.  They  do  not  have  the  longevity  of  terrazzo  or  quarry  tile  which  are  rec- 
ommended above  all  others.  Where  feasible,  wood  floor  framing  should  be  removed  and 
concrete  slabs  installed.  The  finish  can  be  a  marked-off  colored  cement  or  any  of  the 
previously  mentioned  materials,  selected  to  fit  the  budget. 

Rest  rooms  with  floors  of  terrazzo  or  ceramic  tile;  coved,  flush,  glazed  tile  base; 
glazed  tile  wainscot  Al/2  to  5  ft.  high;  and  plaster  walls  and  ceilings  are  recommended. 
Sanitary  metal,  marble  or  structural  glass  toilet  stalls  should  be  used.  The  toilets  should 
be  well  ventilated  and  lighted  and  the  use  of  glass  block  in  outside  walls  will  provide 
the  maximum  of  daylight.  In  the  toilets  of  small  stations  where  tile  might  not  fit  the 
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budget,  a  hard  cement  plaster  should  be  applied  to  the  walls.  A  coved  cement  base  and 
a  marked-off  cement  finished  floor  with  integral  waterproofing  and  coloring  are  also 
acceptable. 

Fluorescent  fixtures  attached  to  or  suspended  from  the  ceiling  are  recommended  for 
lighting  the  new  interior.  The  effect,  using  white  light  tubes,  is  pleasing  and  their  use 
is  gaining  in  popularity.  Their  power  consumption  is  less  than  the  equivalent  incan- 
descent light.  While  not  entirely  satisfactory  from  a  maintenance  standpoint,  the  public, 
nevertheless,  looks  for  this  type  of  light  in  a  modern  project.  It  is  expected  that  con- 
tinued development  in  fluorescent  lighting  will  correct  any  shortcomings  from  the  main- 
tenance standpoint. 

Indirect,  concealed  lighting  is  highly  desirable  but  costs  considerably  more  for  in- 
stallation, operation  and  maintenance.  Electric  fixtures  in  all  projects,  whatever  the  type, 
should  be  selected  to   complement  the  design  of  the  interior. 

4.  Heating 

Unfortunately  all  stations  are  not  equipped  with  modern  heating  plants.  The  old 
fashioned  stove  located  in  each  room  of  the  station  is  not  satisfactory,  nor  is  it  consistent 
with  this  streamlined  age.  Its  removal  and  the  installation  of  a  central  heating  system  is 
of  the  utmost  importance.  The  system  selected  can  be  steam  with  radiators  or  unit 
heaters,  hot  water,  or  forced  warm  air.  Exposed  pipes  are  to  be  avoided  in  the  rooms 
open  to  the  public.  Pipes  or  ducts  can  often  be  carried  through  the  attic  space  or  the 
space  provided  when  ceilings  are  suspended.  These  methods  can  be  resorted  to  when  a 
basement  is  not  available.  Radiators  should  be  of  modern  types,  although  it  is  acceptable 
to  use  old  radiators  when  they  are  covered  with  modern,  metal  shields.  Recessed  radiators 
are  efficient  and  very  practical  where  space  is  an  important  factor.  Where  warm  air  ducts 
under  pressure  are  used,  registers  can  be  located  in  the  ceiling,  either  combined  with  the 
electric  light  fixtures  or  separated.  A  diffusing  fin  type  register  should  be  used. 

If  the  fuel  is  coal  it  is  advisable  to  install  automatic  stoker  firing.  In  a  few  years  the 
amount  of  fuel  saved  will  equal  the  cost  of  installing  the  automatic  fired  central  heating 
system. 

Where  low  gas  heating  rates  are  available,  a  gas  fired  heating  plant  can  be  used,  or 
in  the  smaller  station  vented  gas  steam  radiators  are  acceptable. 

Air  conditioning  may  be  considered  in  certain  areas  of  larger  stations,  such  as  res- 
taurants or  other  concessions  where  business  is  heavy  enough  to  justify  the  expense  of 
installation  and  operation. 

5.  Furnishings 

Furniture  for  a  remodeled  station  should  also  be  consistent  with  the  adopted  style 
of  the  interior.  Chrome  and  upholstered  lounges  add  color  to  the  waiting  room  and  can 
be  arranged  in  pleasing  groups  that  create  an  atmosphere  of  friendliness  and  cheerfulness, 
although  these  lounges  do  not  have  the  durability  of  wood  settees  which  are  recom- 
mended, in  part  at  least,  for  larger  stations.  Wood  settees,  however,  should  be  modern 
in  design,  preferably  with  flush  panels  that  are  both  comfortable  and  easily  maintained. 

Furniture  for  ticket  offices  should  likewise  harmonize  with  the  interior  design.  New 
desks  of  wood  or  metal  with  flat  tops  in  natural  wood,  green  or  gray  finish  should  be 
installed  in  remodeled  ticket  offices. 

Ticket  counters  should  be  carefully  designed,  using  materials  that  harmonize  with 
the  walls.  Glass  blocks  and  wood  veneers  can  be  used  attractively.  Desk  top  linoleum, 
available  in  colors,  makes  a  very  satisfactory  type  of  counter  top.  As  mentioned  pre- 
viously, the  ticket  counter  should  be  designed  to  accommodate  most  of  the  office  work- 
ing material,  which  should  always  be  available  but  out  of  view  of  the  public. 
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Telephone  booths  and  lockers  for  public  use  are  necessary  accessories  in  any 
passenger  station.  Where  feasible,  they  should  be  located  in  recesses,  in  furred  out  wall 
space  in  the  waiting  room,  or  in  alcoves  off  the  waiting  room,  and  made  to  harmonize 
with  the  interior  treatment.  New  and  pleasing  types  of  locker  cabinets  and  telephone 
booths  are  available  for  this  type  of  installation. 

Where  news  stands  and  soda  fountains  or  the  like  are  provided,  they,  too,  should 
harmonize  with  the  interior  treatment. 

Signs,  bulletin  boards,  train  schedule  boards,  etc.,  should  be  neat  and  compact  in 
glass  enclosed  cases,  and  placed  with  discrimination.  Advertisements  to  encourage  rail- 
road travel  can  take  the  form  of  artistic  murals  or  photographs  placed  on  walls  that 
otherwise  might  lack  interest. 

Drinking  fountains  should  be  of  the  electric  cooler  type  now  available  in  beautiful 
cabinets  suitable  for  the  modernized  station.  The  fountain  should  be  located  in  a  con- 
venient location  in  the  waiting  room. 

6.  Exterior  Remodeling 

Necessary  changes  in  the  exterior  appearance  of  stations  will  vary  with  each  build- 
ing. Cost  will  often  determine  the  amount  of  work  that  can  be  done,  even  though  more 
might  be  desired.  Some  station  buildings  are  pleasing  or  attractive  in  themselves  although 
not  conforming  to  contemporary  ideas  of  styles  in  architecture.  Under  such  circumstances 
salient  parts  and  basic  lines  should  be  retained  with  minor  alterations,  supplemented  by 
a  program  of  redecorating.  For  masonry  buildings,  chemically  washing  the  outer  walls 
or  painting  the  doors,  windows,  cornices,  etc.,  will  often  aid  greatly  in  improving  the 
appearance  and  in  adding  a  cheerful  and  inviting  atmosphere.  Particularly  important  is 
the  choice  of  colors  of  paint  which  should  be  selected  for  each  building  instead  of  slavish 
adherence  to  a  limited  number  of  "standard"  colors. 

It  will  sometimes  be  necessary  or  desirable  to  renew  or  add  doors  and  windows  and 
their  frames.  These  should  be  designed  to  conform  to  the  style  of  the  modernization 
adopted.  Where  additional  ventilation  is  not  required,  it  is  possible  to  use  glass  blocks 
in  large  panels  to  good  advantage  in  admitting  light  to  create  a  cheerful  atmosphere 
both  inside  and  out. 

Of  foremost  importance  in  a  remodeling  program  is  a  study  of  the  roof,  not  only  its 
condition,  but  also  its  appearance.  The  roof,  naturally,  should  be  made  watertight  before 
any  interior  work  is  undertaken.  On  hip  or  gable  roofs  shingles  should  be  more  colorful 
than  those  used  in  the  past.  Harmonious  blends  of  several  different  colors  of  shingles  will 
make  roofs  more  attractive  and  enhance  the  appearance  of  the  entire  building.  Fire  re- 
sistant shingles  are  available  in  a  wide  color  range  and  are  recommended.  Clay  tile  and 
slate  are  highly  acceptable  where  conditions  permit  their  use. 

Stations  constructed  of  wood  covered  with  narrow  wood  shingles,  or  boards  and 
battens  and  wide  trim  boards,  can  be  improved  by  applying  a  brick  or  stone  veneer. 
Where  the  cost  of  this  method  is  considered  excessive  for  the  particular  project,  fire  re- 
sistant shingles  or  clap  boards  may  be  applied  to  the  walls.  Wood  shingles  with  a  wide 
exposure  and  alternating  overlapping  of  shingles  at  the  building  corners  and  hip  roof 
ridges  give  a  pleasing  appearance.  The  use  of  flat,  wide  trim  should  be  avoided  where  a 
building  of  character  is  desired.  Instead,  the  trim  should  consist  of  narrow  molds  ade- 
quate for  coverage  of  the  door  and  window  frames.  On  other  buildings  clap  boards  or 
drop  siding  may  be  used  to  harmonize  with  the  design  or  architecture.  Colonial  type  wood 
shingles  should  be  painted  in  light  appropriate  colors  as  well  as  other  parts  of  the  build- 
ing, such  as  doors,  windows,  cornices,  etc. 
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Repainting  wood  siding  often  will  fail  to  produce  the  desired  surface  or  effect  be- 
cause of  an  accumulation  of  paint  from  many  previous  paintings.  Even  after  burning 
off  old  paint,  which  is  an  expensive  process,  the  siding  might  not  be  as  pleasing  as  de- 
sired. In  this  case  asbestos  cement  shingles  and  fiat  sheets  can  be  used  successfully.  A 
glazed  surface  shingle  should  be  used,  however,  because  it  can  be  washed  satisfactorily 
after  an  accumulation  of  dirt. 

The  remodeling  of  outside  illumination  is  important  for  improved  lighting  conditions 
at  night.  The  building  should  be  easily  recognizable  after  dark.  Lanterns  located  at  the 
entrances  add  a  decorative  effect  to  the  exterior  in  both  day  and  night.  Electric  advertis- 
ing signs  should  be  placed  with  discrimination  so  as  not  to  detract  too  much  from  the 
architectural  design. 

Where  sufficient  land  is  available  or  can  be  acquired  to  meet  the  requirements,  park- 
ing facilities  should  be  provided  if  the  business  of  the  railroad  at  any  location  where 
a  modernization  program  is  carried  out  warrants  an  investment  for  that  purpose.  Park- 
ing areas  should  be  provided  with  hard  surface  paving  or  finish,  and  with  proper 
drainage. 

Generally,  any  study  for  a  remodeling  project  should  include  an  investigation  of 
the  platforms  as  to  condition  and  adequate  length  for  accommodating  longer  trains. 
Extensions  should  be  made  where  necessary  and  repairs  and  resurfacing  should  be  car- 
ried out  if  required.  Platform  illumination  should  also  be  checked. 

Landscaping  should  be  provided  wherever  possible.  Shrubs  planted  around  the 
building  should  be  carefully  selected  for  an  appropriate  species  that  will  give  the  desired 
effect.  Grass  plots  are  desirable  and  should  be  laid  out  without  detracting  unduly  from 
necessary  parking  areas  and  platforms. 


Report  on  Assignment  6 

Design  of  Fueling  Facilities  for  Diesel  Locomotives 

O.  G.  Wilbur  (chairman,  subcommittee),  H.  M.  Church,  J.  P.  Gallagher,  W.  G.  Harding, 
E.  G.  Hewson,  N.  D.  Howard,  F.  R.  Judd,  L.  P.  Kimball,  A.  L.  Sparks. 

This  is  a  progress  report  presented  as  information. 

General 

Fueling  stations  for  servicing  Diesel  locomotives  are  of  two  types,  namely,  terminal 
and  roadside.  The  terminal  facility  is  not  ordinarily  designed  for  rapid  fueling,  whereas 
the  roadside  station  must  be  equipped  with  pumps  capable  of  delivering  hundreds  of 
gallons  of  oil  within  a  short  scheduled  stopping  period. 

Roadside  Station 
Delivery  Speed 

In  the  design  of  a  roadside  station,  where  coordination  of  fueling  with  scheduled 
stopping  time  is  required,  the  factor  that  must  be  considered  first  is  the  maximum  rate 
in  gallons  per  minute  at  which  oil  must  be  delivered  into  locomotive  tanks.  This  is  de- 
pendent upon  the  size  of  the  throat  and  openings  in  the  fuel  tank  screen,  size  and  loca- 
tion of  the  baffle  plates  and  the  size  of  the  vent  stack  for  expulsion  of  air.  This  should 
be  ascertained  from  the  locomotive  manufacturer. 
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The  second  important  factor  to  be  considered  is  whether  the  refueling  pump  will 
be  required  to  deliver  oil  to  more  than  one  unit  of  a  Diesel  locomotive  at  the  same  time. 

The  third  factor  is  the  total  amount  of  fuel  the  Diesel  unit  will  require  for  complete 
refueling  and  the  maximum  time  allowed  for  this  operation. 

Often,  the  contributing  factor  that  will  determine  the  required  time  necessary  to 
hold  a  train  at  a  wayside  station  is  not  the  refueling  time  but  the  time  required  to 
supply  water  to  the  cars  in  the  train.  This  is  dependent  upon  the  number  of  water 
service  stations,  the  number  of  cars  and  the  number  of  men  available  to  operate  the 
various  facilities  simultaneously. 

Friction  Loss 

An  important  feature  to  be  considered  in  the  design  of  refueling  facilities  is  the 
total  friction  loss  between  the  oil  storage  reservoir  and  the  final  point  of  discharge.  This 
friction  loss  is  the  accumulated  loss  of  head  caused  by  the  passage  of  the  oil  through  the 
various  lines,  fittings,  valves,  hose  nozzles,  etc.  As  no  special  consideration  of  the  tempera- 
ture of  the  oil  generally  used  for  Diesel  fuel  is  necessary,  the  friction  loss  may,  therefore, 
be  determined  the  same  as  for  water.  Thus  total  delivery  speed  and  total  friction  loss 
are  the  two  main  factors  which  determine  the  economical  size  of  the  pump  and  pipe 
line  to  use. 

Bulk  Oil  Storage 
General 

The  quantity  of  bulk  oil  storage  to  be  provided  for  at  fueling  points  is  determined 
by  the  daily  consumption,  space  available  for  tanks,  and  the  possible  schedule  of  de- 
liveries. Bulk  storage  should  not  be  carried  on  a  close  margin  of  use.  Experience  has 
proved  that  with  limited  bulk  storage  there  is  a  tendency  to  use  loaded  tank  cars  as 
auxiliary  storage,  which  is  an  objectionable  practice  at  all  times  and  in  these  days  an 
unforgivable  offense.  An  extensive  bulk  storage  capacity  also  provides  the  opportunity  to 
take  advantage  of  low  price  oil  markets. 

Bulk  storage  tanks  may  either  be  buried  or  placed  above  ground,  depending  entirely 
upon  local  conditions  and  local  codes. 

Preparation  of  Tanks 

Tanks  for  bulk  storage  that  have  been  used  for  other  purposes  should  have  all 
unnecessary  connections  cut  out  with  a  torch,  the  old  openings  plugged  up,  and  any 
necessary  new  connections  welded  in  place.  Tanks  previously  used  for  storage  of  gaso- 
line or  other  inflammable  gases  should  be  thoroughly  steamed  before  heat  is  applied. 
The  inside  of  the  tank  should  then  be  thoroughly  cleaned  and  wire  brushed.  After  being 
thus  prepared,  the  tank  should  be  tested  by  air  or  other  approved  means  to  approximately 
25  lb.  pressure  and  all  seams,  joints,  connections,  etc.  checked  with  soap  and  water  or 
other  approved  means. 

Particular  attention  should  be  given  to  the  condition  of  the  inside  of  tanks  that 
have  been  previously  used  for  other  purposes,  and  parts  weakened  by  pitting  or  corro- 
sion should  be  properly  reinforced.  All  tanks  should  be  equipped  with  a  manhole  at 
the  top. 

Buried  Tanks 

Tanks  to  be  buried  in  the  ground  should  have  the  entire  outside  surface  treated  with 
an  approved  grease  paint  or  other  rust-resisting  coating  not  affected  by  oil  and  then 
entirely  covered  with  an  approved  waterproofed  fabric  held  in  place  by  a  light  mesh 
or  other  satisfactory  means. 
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Buried  tanks  should  preferably  be  loaded  by  syphoning  from  the  tank  car.  This 
syphoning  can  be  started  by  a  small  hand-operated  priming  pump  situated  in  the  unload- 
ing line  where  it  can  be  conveniently  operated  from  the  ground. 

Tanks  should  be  provided  with  a  pipe  extending  inside  from  the  top  to  within  y2  in. 
of  the  bottom  and  of  sufficient  diameter  to  accommodate  a  suction  hose,  this  hose  to  be 
connected  to  a  bilge  or  other  type  of  pump  so  that  any  accumulation  of  water  may  be 
easily  removed.  Tanks  should  be  pitched  slightly  so  that  water  and  sludge  will  accumu- 
late at  the  end  having  this  pipe  connection. 

Pipe  connections  to  the  tank  may  be  run  where  desired.  It  is  preferable  to  make  all 
connections  through  the  top  of  the  tank  by  means  of  a  double  tapped  bushing,  extend- 
ing the  pipe  to  within  one  to  three  inches  of  the  bottom.  The  vent  should  be  of  ample 
size  to  handle  the  air  for  both  filling  and  unloading  the  tank  and  should  discharge  into 
the  atmosphere  in  a  manner  that  will  not  produce  any  hazardous  condition. 

Tanks  Above  Ground 

Tanks  located  above  ground  may  be  installed  on  any  type  of  substantial  cradle. 
However,  for  permanence  and  a  minimum  of  maintenance,  concrete  cradles  are  more 
satisfactory.  The  tanks  should  be  slightly  pitched  to  one  end  as  recommended  for  buried 
tanks. 

Some  codes  require  that  tanks  above  ground  have  an  earth  or  concrete  dyke  con- 
structed around  them  with  a  capacity  of  one  and  one-half  times  the  capacity  of  the  tank. 
A  dyke  is  essential  from  a  safety  standpoint  whenever  any  connections  are  made  to  the 
tank  elsewhere  than  at  the  top. 

It  is  preferable  to  make  all  connections  to  the  tank  through  the  top,  extending  the 
pipes  in  the  same  manner  as  described  for  buried  tanks.  Any  welded,  tapped  or  riveted 
connection  coming  in  contact  with  Diesel  oil  is  a  potential  source  of  leaks  and  of  possible 
breakage  due  to  accident  that  would  result  in  loss  of  oil.  For  this  reason  top  connections 
are  preferred  and  can  be  safely  used  without  the  construction  of  a  dyke. 

Tanks  above  ground  may  be  painted  with  an  approved  paint  in  any  suitable  color. 

The  application  of  heating  lines  for  Diesel  fuel  storage  tanks  is  not  considered 
essential  as  this  type  of  oil  will  flow  readily  in  extreme  cold  weather. 

Tank  Equipment 

All  storage  tanks  should  be  equipped  with  a  gage  hatch,  vent,  manhole  and  necessary 
loading  and  unloading  lines.  Tanks  above  ground  should,  in  addition  to  the  foregoing, 
have  a  target  at  one  end  operated  by  means  of  a  float  and  graduated  in  feet  and  inches 
so  that  the  depth  of  the  oil  may  be  quickly  and  accurately  determined.  The  tank  should 
also  be  equipped  with  a  chart  showing  the  number  of  gallons  in  the  tank  per  each  inch 
of  oil  depth. 

Connections  to  the  tank  will  depend  upon  several  factors.  By  proper  valving  and 
by-passing  the  suction  line  (used  for  refueling  locomotives)  and  the  line  used  to  fill 
the  storage  tank  may  be  the  same  where  they  enter  the  tank.  However,  the  simplest  way 
is  to  run  separate  lines  into  the  tank.  These  fines  should  not  be  less  than  three  inches 
and  should  be  four  or  six  inches  for  stations  of  extremely  high  speed  oil  delivery.  The 
size  of  various  lines  from  the  tank  to  the  pump  and  from  the  pump  to  the  fueling 
stations  will  depend  upon  such  elements  as  friction  losses,  economy  and  rate  of  delivery 
required. 

All  tanks  above  ground  should  be  thoroughly  grounded  by  means  of  a  heavy  copper 
cable  running  from  a  clean  and  tight  connection  on  the  tank  to  a  ground  rod  extending 
into  the  earth  at  least  four  feet. 
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Pumps  and  Motors 

The  size  of  pumps  and  motors  is  dependent  upon  the  oil  delivery  requirements  and 
the  gross  friction  losses  in  the  system. 

Because  of  the  critical  function  performed  by  oil  refueling  pumps,  the  installation 
of  dual  units  is  recommended  so  that  in  the  event  of  failure  of  one  pump  the  other  can 
immediately  be  put  into  service.  The  valve  and  piping  arrangement  should  be  such 
that  either  pump  may  operate  the  system,  or  both  pumps  may  function  simultaneously 
if  it  becomes  necessary. 

Pumps  should  be  equipped  with  a  relief  valve  or  a  by-pass  line  containing  a  relief 
valve  to  take  up  such  shocks  in  the  system  as  occur  when  the  trigger  delivery  nozzle  is 
shut  off  when  the  locomotive  tank  is  filled,  and  to  avoid  building  up  a  high  pressure  in 
the  system  after  the  nozzle  is  off  and  before  the  pumps  can  be  stopped! 

In  systems  requiring  high  speed  delivery  of  oil,  the  pumps  supplying  this  oil  and 
the  motors  that  drive  them  are  so  large  that  it  is  preferable  to  use  a  smaller  pump  for 
refilling  the  storage  tank.  A  pump  delivering  50  g.p.m.  against  20-lb.  pressure  operated 
by  a  1  hp.-motor  is  economical  and  satisfactory  for  unloading  tank  cars,  and  it  is  rec- 
ommended that  such  a  pump  be  used  for  unloading  when  refueling  requirements  call  for 
a  pump  having  a  capacity  of  more  than  90  g.p.m.  High  speed  refueling  stations  will  re- 
quire a  pump  delivery  of  125  to  300  g.p.m.  or  better,  which  demands  a  motor  of  7  to 
10  hp.  or  larger,  to  operate  them.  For  this  reason  the  smaller  pump  is  recommended  for 
unloading  purposes. 

A  strainer  should  always  be  installed  ahead  of  the  pump  used  for  unloading  oil  from 
the  tank  car  to  the  storage  tank.  All  pump  motors  and  electric  equipment  not  properly 
housed  or  sheltered  should  be  of  the  weatherproof  type. 

Meters  and  Appurtenances 

The  installation  of  a  meter  equipped  for  temperature  adjustments  is  a  feature  intro- 
duced on  roads  that  keep  accurate  records  of  oil  consumption.  The  initial  cost  of  this 
equipment  is  high  and  where  it  is  not  installed  because  of  the  expense  involved,  tanks 
may  be  gaged  with  a  calibrated  stick  or  a  float  target  as  heretofore  described  to  deter- 
mine quantities  delivered. 

The  installation  of  a  meter  in  a  delivery  line  requires  also  the  installation  of  a 
strainer  and  often  an  air  release  unit  ahead  of  the  meter.  Any  air  in  passing  through  the 
meter  will  be  recorded  the  same  as  the  oil  and  thus  cause  inaccuracy  in  the  oil  metering. 
The  vent  from  the  air  release  tank  should  be  exhausted  into  the  air  in  such  a  manner 
as  to  avoid  hazards.  However,  air  in  the  fuel  line  is  seldom  a  source  of  trouble. 

Delivery  Lines 
General 

The  size  of  delivery  lines  is  dependent  upon  delivery  requirements,  distance  between 
pump  and  delivery  point  and  such  other  elements  as  involve  friction  losses  in  the  line. 
Four  and  six-inch  lines  are  in  general  use,  but  the  designer  should  check  his  require- 
ments to  insure  the  installation  of  both  ample  and  economical  sizes  of  pipe. 

The  main  fuel  pipe  line  may  be  of  wrought  steel,  wrought  iron,  precalked  cast  iron, 
cast  iron  leaded  joints,  or  asbestos.  However,  the  pipe  should  be  capable  of  withstanding 
the  pressure  for  which  the  fueling  system  is  designed. 

When  threaded  joints  are  used  they  should  in  all  cases  be  set  up  with  litharge  and 
glycerine  to  eliminate  the  possibility  of  weeping. 
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Wrought  steel  and  similar  pipe  when  laid  underground  should  be  protected  against 
deterioration  by  suitable  waterproofing. 

When  asbestos  pipe  is  placed  close  to  or  under  any  tracks,  it  should  be  laid  deep 
enough  or  otherwise  protected  from  loads  or  vibrations  that  might  cause  breakage. 

Some  form  of  expansion  joint  or  coupling  should  be  installed  to  isolate  the  pumps 
from  both  the  storage  tank  and  the  fuel  line. 

Heated  Delivery  Lines  and  Pump  House 

Roads  in  territories  of  extremely  low  temperatures  operate  their  fueling  stations 
with  both  heated  and  unheated  oil  delivery  lines,  and  the  same  practice  prevails  with 
respect  to  pump  houses.  Where  pipe  lines  are  heated  they  may  be  paralleled  in  the  trench 
by  a  steam  line.  There  is  a  divergence  of  opinion  as  to  whether  the  heating  of  delivery 
lines  is  justified  for  the  fuel  used  in  Diesel  locomotives. 

Pressure  Release 

If  it  is  desirable  to  permit  the  release  of  pressure  in  a  delivery  line  when  not  in  use, 
it  should  be  tapped  at  the  delivery  end  for  a  connection  with  a  24-in.  line  extending  to 
the  storage  tank.  Opening  a  valve  in  this  fine  releases  the  pressure  but  there  is  a  difference 
of  opinion  as  to  the  necessity  for  pressure  release. 

Delivery  from  Oil  Main  to  Diesel  Unit 
Delivery  Hose 

The  use  of  an  approved  flexible  hose  for  oil  servicing  is  recommended.  The  size  will 
vary  from  1%  to  2*4  in.  depending  upon  the  speed  of  delivery  and  length  of  hose.  The 
hose  should  be  of  a  type  suitable  for  Diesel  fuel,  wire  reinforced  and  properly  grounded, 
and  it  may  be  connected  to  the  main  fuel  line  through  a  service  box  at  grade  level  or 
from  a  pipe  standard  extending  up  from  the  main  fuel  line  about  nine  feet. 

The  service  hose  should  be  equipped  at  each  end  with  an  expansion  ring-type  coupling 
with  a  pin  lug.  Shank-type  couplings  may  be  used  but  this  type  sets  up  more  friction. 
The  type  of  thread  used  will  depend  upon  the  type  of  fittings  to  which  the  hose  is 
fastened. 

The  delivery  end  of  the  hose  should  be  equipped  with  either  a  trigger  nozzle  or 
plug  type  valve  the  same  size  as  the  hose,  to  which  a  quarter  turn  coupling  is  attached. 
This  quarter  turn  coupling  should  be  the  mate  of  the  coupling  on  the  Diesel  tank  and 
should  be  brazed  to  the  nozzle  to  avoid  any  possibility  of  its  coming  loose.  The  locomo- 
tive builder  should  supply  information  as  to  the  type  coupling  required  for  the  nozzle. 

It  is  preferable  when  the  nozzle  is  connected  to  the  Diesel  locomotive  that  it  be  in 
a  vertical  position  with  the  handle  down.  However,  to  maintain  this  condition  on  the 
various  units  to  be  refueled  it  will  be  necessary  to  have  the  quarter  turn  connection  on 
the  various  parts  permanently  adjusted  by  the  installation  of  necessary  washers. 

The  length  of  the  delivery  hose  will  vary,  depending  upon  conditions,  from  possibly 
IS  to  24  ft.  New  hose  should  be  about  two  feet  longer  than  actually  required  so  that 
the  ends  may  be  trimmed  off  as  they  break  down  under  flexing  strains.  However,  it  is 
recommended  that  the  delivery  hose  be  connected  to  the  oil  line  by  means  of  a  swing 
joint  as  it  may  then  be  used  in  any  position  relative  to  the  connection  without  undue 
flexing. 

Hose  should  at  all  times  be  kept  from  contact  with  the  ground,  platforms  and  other 
abrasive  surfaces  to  prolong  the  fife  of  the  outer  casing. 
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Service  Standard 

A  service  hose  standard  consists  of  a  pipe  of  proper  size  extending  vertically  from 
the  main  line  to  a  height  of  approximately  9  ft.,  secured  to  and  supported  by  a  post  of 
about  the  same  height,  and  having  a  valve  about  Al/i  ft.  above  grade.  The  delivery  hose 
is  secured  to  the  pipe  by  means  of  a  swing  joint  and  when  not  in  use  the  nozzle  is 
hung  on  a  short  post  placed  at  a  sufficient  distance  to  keep  the  hose  from  coming  in 
contact  with  the  ground  or  platform. 

Valve  and  Hose  Boxes 

Boxes  at  delivery  points  for  housing  valves  and  hose  may  be  of  either  concrete  or 
treated  timber.  They  should  be  constructed  with  the  top  flush  with  the  ground  surface 
so  that  with  the  top  closed  it  does  not  constitute  a  hazard  to  walking  or  trucking. 

The  shape  of  the  box  is  dependent  upon  its  location.  If  it  is  built  wide  it  should  be 
of  such  width  as  will  permit  the  hose  to  be  looped  once  in  it.  A  long  narrow  box  is  more 
desirable  because  it  not  only  permits  the  hose  to  be  laid  out  straight  but  simplifies  the 
cover  construction,  permitting  a  narrow  lid,  hinged  on  one  side,  to  be  opened  on  the  side 
away  from  the  train,  thus  causing  little  or  no  interference  with  the  fueling  operation. 

Pits  should  be  provided  with  drains  and  in  addition  should  have  a  false  slat  bottom 
to  prevent  the  hose  from  lying  directly  in  water  or  dampness.  The  hose  is  generally  kept 
full  of  oil  between  fueling  operations. 

Where  two  locomotive  units  are  used  together  in  train  operation,  two  valve  and 
hose  boxes  or  service  standards  for  each  direction  of  traffic  are  recommended  so  spaced 
as  to  be  opposite  the  fueling  connections  on  the  locomotive  when  stopped  for  loading. 

Motor  Controls 
Pressure  Reducing  Valves 

On  installations  that  provide  for  fueling  two  locomotive  units  simultaneously  from 
one  main  delivery  line,  it  is  sometimes  desirable  that  the  two  branches  to  which  the 
hoses  are  connected  be  equipped  with  pressure  reducing  valves  immediately  ahead  of 
the  hose  to  avoid  excessive  pressure  in  the  hose  in  the  operating  line  when  the  other 
line  is  shut  off.  This  is  necessary  only  in  extremely  high  pressure  systems. 

Remote  Motor  Control 

A  push  button  switch  control  for  starting  and  stopping  pumps  should  be  provided 
in  close  proximity  to  the  delivery  hose.  These  push  button  boxes  may  be  located  either 
inside  the  valve  and  hose  box,  on  a  standard  nearby,  or  at  any  other  convenient  location. 
It  is  desirable,  however,  to  locate  the  control  close  to  the  point  of  operation. 

Automatic  Motor  Control 

In  a  full  automatic  motor  control  refueling  system,  the  motor  controlling  the  pump 
is  automatically  started  when  the  nozzle  is  opened.  This  is  accomplished  by  means  of  a 
pressure  or  cushion  tank  and  suitable  electrical  controls.  The  cushion  tank  may  be  about 
three  feet  in  diameter  by  six  feet  long,  with  one  opening  at  the  bottom  connected  into 
the  refueling  line  close  to  the  pump  and  another  at  the  top  connected  to  the  automatic 
pressure  switch.  When  the  refueling  nozzle  is  closed  the  pressure  in  the  line  and  the 
cushion  tank  begins  to  build  up,  and  when  it  reaches  a  predetermined  point,  the  auto- 
matic pressure  switch  will  shut  off  the  motor  and  start  it  again  when  the  pressure 
drops. 
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This  system  should  be  adjusted  so  that  the  entire  operation  will  occur  at  a  pressure 
less  than  that  required  to  operate  the  pressure  relief  valve  in  the  pump. 

With  this  system  it  is  necessary  to  provide  an  independent  motor  and  pump  for 
unloading  the  tank  car  when  this  is  not  done  by  syphoning,  but  a  separate  motor  and 
pump  are  recommended  for  high  speed  systems. 

Oil  and  Water 

Provision  should  be  made  through  a  34-in.  valved  connection  on  the  unloading 
side  so  that  upper  cylinder  oil  may  be  unloaded  into  the  fuel  oil  storage  tank.  This  elim- 
inates the  necessity  of  adding  the  oil  manually  to  the  storage  tanks  or  into  the  locomotive 
tanks. 

Equipment  for  handling  lubricating  oils  at  terminal  points  is  covered  in  the  report 
on  Design  of  shop  facilities  for  Diesel  locomotives. 

The  problem  of  watering  Diesel  locomotives  is  closely  related  to  the  fueling  opera- 
tion. Where  facilities  are  installed  to  load  large  quantities  of  oil  during  short  scheduled 
stops,  it  is  often  necessary  to  provide  facilities  to  handle  water  with  equal  celerity,  and 
the  necessary  pumping  units,  delivery  lines,  controls,  etc.,  are  generally  similar  to  the 
equipment  for  handling  oil. 

Terminal  Fueling  Facilities 

Equipment  at  terminals  for  handling  the  fueling  operation  is  essentially  the  same 
as  that  used  at  roadside  stations  except  that  it  is  ordinarily  designed  for  more  moderate 
rates  of  delivery  pumps,  and  therefore  the  motors  are  of  smaller  capacity. 

The  installation  of  fueling  outlets  within  shop  buildings  is  a  question  to  be  answered 
by  insurance  regulations.  Where  prohibited,  designs  for  valve  and  hose  boxes  or  stand- 
ards similar  to  those  described  for  roadside  stations  are  recommended.  Where  fuel  loading 
inside  of  a  building  is  permitted,  the  hose  may  be  supported  on  racks  in  preference  to 
placing  them  in  floor  pits,  or  by  employing  the  arrangement  adopted  where  standards 
are  used  for  outlets.  The  required  hose  connections  would  naturally  be  shorter. 


Report  on  Assignment  7 

Design  of  Shop  Facilities  for  Diesel  Locomotives 

N.  D.  Howard  (chairman,  subcommittee),  C.  M.  Angel,  A.  C.  Copland,  A.  G.  Dorland, 
W.  T.  Dorrance,  A.  T.  Hawk,  C.  D.  Horton,  L.  H.  Laffoley,  O.  G.  Wilbur. 

This  report  is  submitted  as  information,  with  the  recommendation  that  the  assign- 
ment be  continued. 

With  the  development  and  adaptation  of  the  Diesel  engine  for  railroad  switching  and 
high-speed  passenger  train  power,  and,  more  recently,  for  locomotives  in  freight  service, 
the  matter  of  the  adequate  maintenance  and  repair  of  Diesel  locomotives  has  presented 
new  problems  to  the  railways,  problems  without  precedent  for  their  solution  which  have 
demanded  attention  in  the  interest  of  securing  the  maximum  availability  of  this  type  of 
power.  Important  at  any  time  from  the  standpoint  of  operating  efficiency,  the  adequacy 
of  maintenance  and  repair  facilities  has  become  of  increasing  importance  with  the  grow- 
ing passenger  and  freight  war  traffic  of  the  country,  to  insure  the  maximum  service- 
ability of  this  class  of  power  without  failures  that  would  impede  the  movement  of  this 
traffic. 
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Types  of  Repairs 

To  better  understand  the  character  and  extent  of  the  facilities  necessary  for  the 
repair  of  Diesel  locomotives,  a  general  review  of  the  character  and  type  of  repairs 
required  by  this  type  of  power  is  essential.  While  they  are  common  in  a  number  of  re- 
spects to  those  essential  for  steam  power,  they  diverge  from  the  latter  in  some  ways 
and  are  entirely  different  in  other  ways.  In  the  first  place,  while  many  classes  of  steam 
locomotive  repairs  are  carried  out  on  a  specific  time  or  mileage  basis  and  require 
movement  into  an  enginehouse  daily  and  shopping  at  stated  intervals,  those  for  Diesel 
locomotives  are  more  generally  on  a  "continuous"  or  "progressive"  basis,  en  route  or  at 
terminals.  Heavy  repairs,  equivalent  to  the  back-shop  repairs  of  steam  locomotives,  are 
only  made  at  intervals  of  several  years  when  complete  overhauling  of  the  engines  and 
special  attention  to  the  crank  shaft  may  become  necessary  or  advisable.  Barring  de- 
railments or  collisions  which  might  damage  the  engines,  experience  has  shown  that  with 
proper  operation  and  attention  to  lubrication  complete  engine  overhauls  need  not  be 
effected  under  less  than  a  million  or  more  road  miles  of  service.  It  is  sometimes  neces- 
sary to  remove  the  Diesel  engine  from  the  locomotive  engine  room,  but  even  then  the 
entire  locomotive  need  not  be  tied  up  for  any  period  of  time  since  some  roads  maintain 
a  spare  engine  unit  which  can  be  substituted  for  the  engine  unit  undergoing  general 
overhauling.  In  any  event,  in  even  the  largest  Diesel  units  involving  two  Diesel  engines 
per  unit,  only  two  engines  at  most  are  tied  up  when  one  is  undergoing  overhauling.  The 
remainder  of  the  units  <  forming  the  locomotive  (one,  two  or  three,  as  the  case  may  be) 
can  continue  in  service  either  alone  or  supplemented  by  an  auxiliary  unit  borrowed  from 
some  other  service. 

Practically  all  other  types  of  repairs  on  Diesel  locomotives  can  be  classed  as  run- 
ning repairs — that  is,  repairs  that  can  be  completed  en  route  or  within  layover  periods 
at  terminal  points,  usually  by  removing  the  worn  or  defective  part  and  cleaning  or 
servicing  it  within  the  shop  facilities  provided  without  delaying  or  otherwise  affecting 
the  use  of  the  locomotive.  The  principal  classes  of  such  repairs  include  the  following: 

Removing,  turning  and  replacing  wheels 

Turning  up  axles 

Mounting  wheels  on  axles 

Mounting  gears  on  axles 

Removing  and  applying  traction  motors 

Matching  up  traction  pinion  gears  and  ring  gears 

Welding  such  parts  as  are  necessary  and  permissible 

Reconditioning  cylinder  heads 

Reconditioning  pistons 

Reconditioning  cylinder  liners 

Reconditioning  main  and  connecting  rod  bearings 

Reconditioning  cam  shaft  bearings 

Renewing  gear  drives  having  excessive  wear 

Reconditioning  engine  blowers 

Reconditioning  lubricating  oil  and  water  pumps 

Repairing  and  rebuilding  steam  heating  generators 

Replacing  main  generators,  traction  motors  and  fuel  injectors 

Minor  repairs  to  locomotive's  superstructure 

Painting  exterior  and  interior  of  locomotives 

Repairing  fuel  and  water  tanks 

Repairing  and  replacing  radiators 


Buildings 237 

Repairing  and  replacing  lubricating  oil  filters  and  coolers 

Servicing  air  filters 

Overhauling  and  repairing  fuel  pump  motors 

Overhauling  and  repairing  steam  generator  pumps  and  ignition  motors 

All  of  the  foregoing  are  classed  as  running  repairs,  because  even  the  most  serious 
of  them  involves  only  the  replacement  of  a  unit  by  a  new  or  repaired  unit  to  restore 
the  locomotive  to  road  service,  and  most  of  these  replacement  operations  can  be  effected 
within  the  relatively  short  layover  periods  at  terminals  or  turn-around  points.  Under  this 
system  spare  parts  are  essential  for  the  replacement  of  wheels,  trucks,  traction  motors, 
gears,  blowers,  filters,  cylinder  heads,  pistons,  cylinder  liners,  etc.,  but  the  supplying 
of  such  spare  parts  allows  repairs  to  be  made  on  all  parts  independent  of  the  locomo- 
tive. This  is  one  of  the  reasons  for  the  high  rate  of  availability  of  Diesel  power. 

Other  items  of  Diesel  locomotive  maintenance  that  may  be  included  in  this  group 
are  the  replacement  of  fuel  injectors  and  main  and  auxiliary  generators.  Here  again  all  of 
the  actual  repair  work,  which  in  the  case  of  generators  may  require  many  shop  hours, 
is  done  without  interfering  in  any  way  with  the  use  of  the  Diesel  locomotives  as  a 
whole,  beyond  the  time  necessary  to  replace  the  part  or  unit  affected. 

Considerations  Affecting  Facilities  to  Be  Provided 

Since  the  extension  of  Diesel  locomotive  power  to  the  railroads  generally  in  the  last 
eight  or  nine  years,  each  road  has  developed  repair  facilities  to  serve  the  anticipated 
requirements  of  the  number  of  units  involved,  and  has  located  them  at  the  most  strategic 
points  from  the  standpoint  of  efficiency  to  locomotive  utilization.  As  a  result,  the  present 
facilities  on  the  railroads,  while  fundamentally  the  same  in  many  respects,  are  widely 
different  in  many  other  respects.  Some  of  the  more  important  factors  that  must  be  taken 
into  consideration  in  the  provision  of  Diesel  repair  facilities  at  any  particular  point  in- 
clude the  number  and  type  of  units  to  be  maintained;  the  character  and  extent  of  the 
repairs  to  be  made;  the  layover  or  available  shopping  time  of  the  equipment;  the  avail- 
ability of  existing  track,  terminal  and  steam  locomotive  repair  facilities  that  can  be 
adapted  to  Diesel  repair  work;  the  availability  of  space  for  the  development  of  exclusive 
Diesel  repair  facilities,  whole  or  in  part;  the  relative  certainty  or  uncertainty  of  the 
permanence  of  the  repair  point;  and  the  ability  or  willingness  of  the  particular  road 
to  provide  the  best  adapted  and  most  efficient  repair  facilities. 

Heavy  Repair  Facilities 

In  general,  the  present  Diesel  locomotive  repair  facilities  of  the  railroads  can  be 
divided  into  two  general  classifications:  Main  or  heavy  shopping  points,  and  running 
repair  points — the  former  generally  being  equipped  to  handle,  in  conjunction  with 
certain  steam  repair  facilities,  all  classes  of  Diesel  locomotive  repairs,  both  heavy  and 
light,  while  the  latter  are  generally  equipped  only  for  replacement  operations  and  minor 
repairs,  the  parts  removed  at  these  points  being  sent  to  the  heavy  repair  points  for 
overhauling  or  reconditioning. 

Extensive  as  has  been  the  provision  of  repair  facilities  at  main  shopping  points  on 
at  least  a  few  roads,  no  road  at  present,  operating  both  steam  and  Diesel  power,  has 
provided  within  its  Diesel  maintenance  facilities  equipment  for  handling  all  classes  of 
repairs  to  the  locomotive  running  gear,  superstructure,  and  certain  locomotive  parts.  For 
example,  only  in  one  or  two  instances  have  wheel  lathes  been  provided  within  the 
Diesel  shop  facilities,  most  roads  relying  upon  the  already  available  equipment  in  their 
steam  locomotive  shops  for  this  class  of  work.  Likewise,  any  major  superstructure  work 


238 Buildings 

that  may  be  required  as  the  result  of  an  accident  is  usually  carried  out  in  an  existing 
steam  locomotive  back  shop,  frequently  located  within  the  same  terminal  area  as  the 
Diesel  shop  facilities.  Again,  few  if  any  roads  are  as  yet  equipped  to  handle  major 
repairs  and  the  general  overhauling  of  main  and  auxiliary  generators  and  traction  motors 
within  their  Diesel  shops,  although  several  roads  contemplate,  when  conditions  permit, 
the  construction  of  adequate  facilities  at  their  main  Diesel  shops  for  all  classes  of  gen- 
erator and  traction  motor  work.  Just  now  all  work  of  this  character  is  generally  re- 
ferred back  to  the  builder  of  the  equipment  on  a  basis  which  makes  available  a  dupli- 
cate unit  to   replace  the  unit  taken  out  of  service. 

The  experience  in  Diesel  locomotive  maintenance  on  various  roads  indicates  that 
even  at  heavy  repair  points,  few  major  fixed  facilities  are  required,  especially  where  the 
number  of  units  to  be  maintained  is  limited.  Fundamental  among  the  requirements  are 
one  or  more  pit-equipped  tracks  to  hold  the  locomotives  during  repair  periods;  means 
for  changing  individual  pairs  of  wheels,  with  their  motors,  and  complete  trucks;  an 
overhead  crane  or  cranes  of  suitable  capacity  to  lift  auxiliary  units  and  complete  Diesel 
engines  out  of  their  cabs;  a  suitable  area  for  overhauling  Diesel  engines;  an  adequate 
machine  shop  area  equipped  with  the  necessary  hand  tools  and  machine  tools  to  carry 
out  the  repairs  necessary;  adequate  bench  space  and  tool  cabinets;  a  separate  Diesel 
storeroom;  an  air-filter  cleaning  room;  an  office  and  records  room;  and  toilet,  wash  and 
locker  room  facilities. 

It  is  generally  accepted  that  the  pit  tracks  involved  in  the  repair  facilities  should 
be  housed  to  afford  protection  to  the  various  work  operations,  and  yet  the  nature 
and  extent  of  this  housing  appears  to  be  highly  flexible,  there  being  only  a  few  instances 
where  roads  have  constructed  entirely  new  buildings  for  this  purpose.  More  generally 
than  not,  use  has  been  made  of  existing  buildings,  usually  sections  of  enginehouses  and 
shops,  adapting  the  areas  taken  over  to  the  specific  classes  of  work  to  be  carried  out. 

While  the  utilization  of  existing  buildings  may  offer  immediate  economies  over  new 
construction,  and  may  even  be  necessary  under  existing  conditions  restricting  building 
construction,  and  furthermore,  while  many  of  these  adapted  facilities  serve  quite  ade- 
quately, there  is  general  recognition  of  the  fact  that  new  facilities  laid  out  in  accordance 
with  the  specific  requirements  of  Diesel  locomotive  repairs  tend  toward  more  efficient 
maintenance  and  lower  over-all  repair  costs. 

Type  of  Construction 

In  such  new  Diesel  shop  buildings  as  have  been  built,  the  layout  is  on  the  longi- 
tudinal basis,  with  parallel  pit  tracks,  suitably  spaced  to  permit  sizable  working  areas 
between  them.  The  shop  walls  are  of  brick,  sheet  metal  or  other  suitable  materials,  in- 
variably with  large  areas  of  sash  and  a  structural  steel  frame  to  support  a  necessary 
crane  runway.  Like  the  enclosure  wall,  the  roof  structure,  flat  or  pitched,  and  with  suit- 
able skylights,  is  of  materials  which  seem  most  advisable  in  the  light  of  prevailing  con- 
ditions, or  previously  adopted  standards  for  similar  construction. 

For  other  features  of  Diesel  shop  areas,  such  as  floors,  heating,  lighting,  etc.,  the 
requirements  appear  to  be  similar  to  those  for  shops  for  the  maintenance  of  steam 
power,  except  that  more  adequate  pit  illumination  is  generally  desirable,  and  in  cold 
climates  pit  heating  of  the  blower  type  is  advantageous  to  hasten  the  melting  of  snow 
and  ice  about  the  underframe  and  running  gear  and  thus  permit  inspection  and  servicing 
operations.  There  is  some  difference  of  opinion  as  to  the  permissible  depth  of  inspection 
pits,  some  maintaining  that  the  depth  should  be  restricted  to  permit  inspection  and  re- 
pairs   without    the    constant    moving    of    portable    platforms    or    racks,    while    others 
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prefer  a  deeper  pit  to  permit  the  more  ready  movement  of  workmen  beneath  the  units 
in  passing  from  one  end  to  the  other.  In  all  cases,  however,  it  is  agreed  that  the  pits 
should  extend  the  full  length  of  the  power  units  to  be  repaired,  and  should  be  well 
drained. 

The  overhead  traveling  crane  required  in  all  Diesel  shops  for  heavy  repairs  should 
have  a  longitudinal  travel  equal  to  at  least  the  length  of  the  track  pits,  and  a  transverse 
travel  over  the  specific  tracks  and  working  areas  to  be  served.  This  crane  should  have 
adequate  capacity  for  lifting  out  and  replacing  the  heaviest  Diesel  engines  to  be  over- 
hauled, and  some  roads  have  found  it  expedient  to  supplement  the  heavy  crane  hook 
with  a  high-speed  hook  of  lighter  capacity  for  the  removal  and  replacement  of  engine 
cabs  and  auxiliary  equipment.  In  most  cases,  crane  capacities  of  10  to  40  tons  have 
proved  adequate  for  all  classes  of  overhead  work. 

Equipment  for  Changing  Wheels  and  Trucks 

As  to  the  most  desirable  type  of  facility  to  permit  the  changing  of  wheels  and 
complete  trucks,  there  appears  to  be  a  considerable  difference  of  opinion.  Among  the  va- 
rious facilities  suitable  for  this  class  of  work  are  the  heavy-duty  overhead  traveling 
crane,  the  drop  table,  the  pillar-type  floor  hoist,  and  the  truck  transfer  table.  No  road 
investigated  has  installed  an  overhead  crane  of  the  capacity  necessary  for  this  class 
of  work,  primarily  because  of  the  heavy  cost  involved  in  the  runway  and  structural 
framework  required.  This  type  of  equipment  is  used  only  where  it  is  readily  available 
in  existing  steam  locomotive  shops.  At  least  one  road  has  installed  a  pillar-type  floor 
hoist  at  its  principal  Diesel  shop  to  permit  truck  replacement  work,  and  at  least  one 
other  road  has  available  within  the  shop  where  its  Diesel  work  is  done,  a  drop  table  of 
adequate  size  and  capacity  to  handle  all  but  the  articulated  trucks  of  certain  of  its 
Diesel  locomotives.  The  most  common  facility  being  employed  for  truck  removal  and 
replacement  work  is  the  truck  transfer  table,  in  conjunction  with  the  use  of  portable 
hydraulic  jacks  to  lift  the  locomotive  frame  clear  of  the  truck  to  be  replaced.  This  latter 
arrangement  obstructs  a  greater  floor  area  than  the  others  mentioned,  but  is  used  with 
considerable  success  by  several  roads  and  is  more  economical  to  install. 

With  few  exceptions,  no  existing  Diesel  shops  are  equipped  to  turn  wheels  and 
axles,  to  mount  wheels  and  gears  on  axles,  work  of  this  nature  being  done  in  wheel 
shops  provided  originally  for  steam  locomotive  work.  There  is  one  outstanding  exception 
to  this  general  rule,  where  the  Diesel  shop  is  not  only  equipped  with  a  wheel  lathe,  but 
also  with  a  wheel  grinder,  used  to  increase  the  precision  of  the  finished  lathe  work,  a 
precision  which  is  thought  desirable  on  this  road  in  the  case  of  the  high-speed  wheels 
of  Diesel  passenger  equipment. 

Roads  that  do  not  have  specially  designed  shops  for  heavy  Diesel  repairs,  especially 
for  removing  and  overhauling  engine  units,  usually  do  this  work  in  a  section  set  aside 
in  an  existing  erecting  shop,  where  adequate  crane  capacity  and  space  are  available. 

Running  Repair  Facilities 

The  various  Diesel  shops  on  the  railways  in  use  at  present  for  making  what  are  classi- 
fied as  running  repairs  differ  from  the  heavy  repair  shops  in  few  respects  as  to  the  char- 
acter of  the  facilities  provided,  the  major  difference  being  in  the  extent  of  the  facilities — 
tracks,  pits,  hoisting  equipment  and  tool  layout.  Since  running  repairs  do  not  include  the 
removal  and  replacement  of  complete  Diesel  engines,  none  of  these  shops  is  equipped  with 
overhead  cranes  adequate  for  this  type  of  work.  Other  than  this,  the  facilities  necessary  at 
running  repair  points  are  more  or  less  similar  in  character  to  those  at  heavy  repair  points. 
In  fact,  while  truck  and  wheel  work  are  seldom,  if  ever,  done  at  running  repair  points, 
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a  number  of  shops  at  these  points  are  equipped  with  truck  transfer  tables  and  portable 
hydraulic  jacks  to  permit  the  changing  of  wheels  and  trucks  in  emergency,  the  wheels 
and  trucks  being  shipped  to  other  points  for  repair  or  reconditioning. 

While  the  nature  of  the  heaviest  Diesel  repairs  requires  that  the  work  be  done  under 
cover  to  afford  protection  from  the  elements,  this  is  not  true  with  respect  to  the  making 
of  running  repairs,  except  in  the  colder  sections  of  the  country.  Thus,  the  repair  tracks 
at  many  points  are  not  housed,  it  being  the  practice  at  these  points  to  provide  buildings 
only  for  housing  a  repair  room  or  shop,  a  tool  room,  a  Diesel  parts  storeroom,  toilet  and 
locker  facilities,  etc.,  most  of  these  auxiliary  building  units  being  relatively  small  and 
ranging  from  car  bodies  to  equivalent  areas  taken  over  in  new  or  existing  adjacent 
buildings. 

At  a  few  running  repair  points,  the  pit  tracks  or  tracks  have  been  housed  along  with 
a  wheel  and  truck  transfer  table,  and  a  work  bench  and  cupboard  space  adjacent  to  the 
track  areas.  At  other  points,  effective  use  is  being  made  of  sections  of  enginehouses,  an 
adequate  number  of  stalls  having  been  turned  over  for  exclusive  Diesel  work,  and  fre- 
quently walled  off  completely  from  the  part  of  the  building  in  which  steam  power  is 
serviced. 

Seal  Off  Diesel  Shop  Areas 

That  the  Diesel  repair  area  be  sealed  off  tightly  from  the  steam  locomotive  area  seems 
highly  desirable  to  protect  the  Diesel  locomotives,  and  more  particularly,  their  engines, 
from  the  smoke  and  soot-laden  air  that  frequently  prevails  within  the  steam  locomotive 
area,  and  also  to  minimize  condensation,  which  might  cause  serious  damage  to  the  elec- 
trical equipment  especially  where  there  is  any  carelessness  about  steam  leaks  in  the 
enginehouse.  In  fact,  at  least  one  road  considers  this  matter  of  sufficient  importance  to 
provide  filtered  air  circulation  within  the  section  of  an  existing  enginehouse  turned  over 
for  Diesel  inspection  and  running  repairs.  In  this  case,  a  five-stall  section  of  the  house 
is  completely  walled  off  from  the  larger  steam  section.  Furthermore,  within  the  Diesel 
shop  area,  a  new  tile  partition,  ten  feet  inside  of  the  existing  outer  circle  wall,  separates 
the  Diesel  repair  tracks  from  the  area  immediately  adjacent  to  the  outer  circle  wall  which 
is  used  for  trucking  to  and  from  the  enginehouse  as  a  whole. 

Air  for  the  Diesel  shop  area  enters  through  two  large  louvers  in  the  outer  circle 
wall,  passes  through  a  series  of  five  rack-type  removable  and  cleanable  filters  installed 
in  the  partition  wall,  and  is  pulled  out  the  front  of  the  area  by  means  of  two  large 
suction  fans,  with  a  combined  capacity  that  is  sufficient  to  effect  a  complete  air  change 
every  ten  minutes.  All  of  the  enginehouse  doors  leading  to  the  Diesel  repair  tracks,  as 
well  as  a  single  trucking  door  leading  into  the  shop  area  from  the  runway  adjacent  to 
the  outer  circle  wall,  are  weatherstripped  and  are  opened  only  as  required,  even  during 
the  summer  months,  to  carry  out  operations. 

Various  Types  of  Steps  and  Platforms  Used 

At  most  running  repair  points,  with  their  limited  hoisting  equipment,  it  is  generally 
considered  desirable  to  simplify  the  work  in  the  locomotive  engine  rooms  by  providing 
ready  access  to  the  catwalks  and  doorways  of  the  locomotives.  This  is  being  accomplished 
in  some  cases  by  portable  steps,  and  in  others  by  portable  or  permanent  platforms  at 
engine-floor  level.  Where  steps  alone  are  considered  sufficient,  these  are  usually  mounted 
on  wheels  so  that  they  can  be  located  at  the  points  desired  with  minimum  effort,  and 
without  permanently  obstructing  the  floor  area.  Where  longitudinal  working  areas  along 
the  sides  of  locomotives  at  engine-floor  level  are  considered  desirable,  several  types  of 
platforms  are  being  employed.  One  of  these  types,  with  steps  at  its  ends,  is  mounted  on 
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wheels  and  can  be  pushed  into  place  when  desired.  Another  type,  employed  extensively 
by  at  least  one  road  in  enginehouse  areas  adapted  to  Diesel  work,  consists  of  a  con- 
tinuous high-level  platform  around  the  outer  wall  of  the  enginehouse  which  is  reached 
by  ramps  at  the  ends  with  radial  sections  at  the  same  level  extending  for  various  dis- 
tances between  the  enginehouse  tracks.  Where  such  high-level  platforms  have  been  in- 
stalled; work  benches  and  tool  cabinets  have  been  provided  along  the  outer  circle  wall. 

Still  another  expedient  to  provide  an  engine-floor  working  level  along  the  sides  of 
locomotives,  primarily  in  the  case  of  switching  locomotives,  is  the  use  of  demountable 
platforms  which  can  be  hung  directly  on  the  sides  of  the  locomotives,  and  subsequently 
removed  upon  completion  of  the  work.  These  demountable  platforms  involve  steel 
brackets  which  are  hung  individually  on  the  sides  of  the  locomotive  frame  and  a  series 
of  plank  deck  sections  which  can  be  readily  installed  on  and  removed  from  these 
brackets  by  two  men. 

At  all  running  repair  points,  a  small  repair  shop,  a  Diesel  parts  storeroom,  a  tool 
room  and  certain  other  auxiliary  areas  are  desirable,  if  not  essential,  but  in  most  cases 
these  facilities  require  only  a  relatively  small  area. 

Points  of  both  heavy  and  running  repairs  for  Diesel  locomotives  are  invariably 
equipped  to  make  lubrication  oil  changes  or  to  replenish  crank  case  supplies.  Such 
facilities  may  consist  of  no  more  than  the  drums  in  which  the  oil  is  received,  fitted 
with  hand  pumps,  or  they  may  embrace  complete  pressure  supply  systems,  piping  the 
oil  directly  to  points  along  the  repair  tracks.  At  least  one  road  also  has  a  system  for 
collecting  worn  oil  from  crankcases,  and  piping  it  to  a  central  point  for  reclamation. 

Points  of  both  heavy  and  running  repairs  are  invariably  equipped  with  fuel  oil  and 
water  supply  facilities,  these  facilities  being  the  subject  of  a  separate  assignment  to 
this  committee. 

Main  Repair  Point  of  the  Santa  Fe 

Illustrative  of  the  various  types  of  principal  Diesel  repair  facilities  are  those  provided 
by  the  Atchison,  Topeka  &  Santa  Fe,  the  Chicago,  Rock  Island  &  Pacific,  and  the 
Chicago  &  North  Western.  Possibly  the  most  up-to-date  repair  shop  in  the  country  is 
that  of  the  Santa  Fe  at  Chicago,  a  road  that  has  164,620  Diesel  hp.  in  service  at  the 
present  time.  At  that  point  this  road  carries  out  practically  all  of  the  repairs  on  18 
Diesel  passenger  units,  each  with  two  engines  of  1,800  to  2,000  hp.,  in  addition  to  three 
900-hp.  and  six  1,000-hp.  switchers.  The  only  classes  of  work  not  undertaken  at  this 
point  include  the  turning  of  axles  and  the  mounting  of  wheels  and  gears  on  axles,  which 
work  is  done  at  the  road's  Corwith  machine  shop,  Chicago,  and  the  heavy  repair  of 
main  and  auxiliary  generators  and  traction  motors,  which  work  is  handled  by  the 
builders  of  the  equipment. 

The  shop  at  Chicago  is  of  steel  frame  construction,  with  walls  of  brick  and  steel 
sash,  and  a  relatively  flat-pitched  board  roof  equipped  with  A-shaped  skylights.  The 
building,  which  is  324  ft.  2  in.  long  and  111  ft.  6  in.  wide,  has  two  main  bays,  one,  a 
high  or  erecting  bay,  with  a  width,  center  to  center  of  columns,  of  55  ft.,  and  a  height 
under  roof  trusses  of  41  ft.  6  in.,  and  a  low,  or  machine  bay,  which  is  54  ft.  wide  and 
has  a  minimum  height  under  roof  girders  of  16  ft.  A  shed  roof,  69  ft.  long  and  48  ft. 
10  in.  wide,  is  built  onto  the  erecting  bay  on  the  side  opposite  from  the  machine  bay, 
where  it  affords  protection  to  wheel  drop  pits  of  coach  repair  facilities.  The  floor  through- 
out the  shop  is  of  concrete,  surfaced  with  asphalt  blocks  in  the  erecting  bay  and  with 
treated  wood  blocks  in  the  machine  bay.  Ample  artificial  lighting  is  provided  throughout 
the  building.  Heating  is  by  means  of  unit  heaters. 
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General  View  in  the  Erecting  Bay  of  the  Santa  Fe  Diesel  Shop  at  Chicago,  Showing  Three 

1,800-Hp.  Diesel  Units  Over  the  Inspection  Pits,  the  Forward  Unit  in  Position  to  be 

Raised  by  the  4-Column  Hoist,  Which  Has  a  Lifting  Capacity  of  260  Tons. 


Track,  facilities  at  the  shop  include  two  longitudinal  repair  tracks  extending  the 
length  of  the  erecting  bay,  both  tracks  being  fitted  with  concrete  inspection  pits  approx- 
imately 4  ft.  deep,  and  with  concrete  jacking  pads  outside  of  both  rails.  Both  repair 
tracks  are  served  by  an  overhead  electric  traveling  crane  having  a  capacity  of  10  tons 
on  a  high-speed  hook  and  40  tons  on  its  main  hook.  This  crane  is  adequate  to  remove 
and  replace  Diesel  engine  cabs  and  all  auxiliary  equipment,  as  well  as  complete  Diesel 
engines  and  main  generators. 

At  the  end  of  one  of  the  two  repair  tracks  is  a  combination  coach  and  locomotive 
hoist,  of  the  4-column  type,  which  has  a  capacity  of  260  tons  and  a  variable  longitudinal 
spacing  of  the  lifting  pads  from  33  ft.  to  80  ft.  This  hoist,  in  its  arrangement  and  capacity, 
can  lift  any  Diesel  or  steam  locomotive  which  can  be  run  into  the  Chicago  terminal,  al- 
though it  is  used  principally  for  lifting  locomotive  bodies  from  their  trucks.  Under  the 
other  repair  track  in  the  erecting  bay,  is  a  wheel  drop  table,  whereby  single  pairs  of 
wheels,  with  their  motors,  can  be  removed  and  replaced. 

The  machine  bay  of  the  shop  is  well  equipped  with  machine  tools  and  power  hand 
tools  for  carrying  out  the  maintenance  and  repair  of  practically  all  Diesel  locomotive 
parts,  the  equipment  including  a  parts  testing  machine,  electric  and  gas  welding  equip- 
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Replacing  a  Drive  Motor  in  a  Diesel  Power  Truck,  in  the  Longitudinal-Type 
Diesel  Shop  of  the  Santa  Fe  at  Chicago. 

ment,  a  wheel  lathe  and  a  wheel  grinder.  At  one  end  of  the  machine  bay  are  a  tool 
room,  a  storeroom,  a  foreman's  office  and  record  room,  and  ample  wash  and  locker 
rooms. 


Running  Repair  Points  on  the  Santa  Fe 

Illustrative  of  what  may  be  considered  Diesel  running  repair  shops  on  the  Santa 
Fe  are  those  at  Argentine,  Kans.,  and  Winslow,  Ariz.,  terminal  points  for  the  Diesel 
freight  locomotives  on  the  road.  At  Argentine,  repairs  are  handled  in  five  stalls  of  an 
enginehouse,  while  at  Winslow,  the  facilities  are  housed  in  an  eight-stall  section  of  an 
enginehouse.  As  neither  of  these  enginehouses  is  equipped  for  removing  engines,  or  for 
removing  wheels,  trucks,  generators  or  other  heavy  parts,  the  locomotives  must  be  sent 
to  the  Chicago  shop  or  to  one  of  the  steam  locomotive  shops  on  the  road  for  these  classes 
of  work. 

To  simplify  work  on  the  locomotives  at  both  Argentine  and  Winslow,  the  engine- 
house  floor  around  the  outer  wall  of  the  Diesel  shop  area  has  been  built  up  to  the 
engine-floor  level,  with  radial  extensions  of  this  high-level  platform  extending  between 
the  different  pit  tracks.  Around  the  wall  area  of  the  platform  are  work  benches,  tool 
cabinets  and  storage  spaces  for  lubricants.  Adjoining  the  ramp  area,  in  both  cases,  are 
certain  auxiliary  facilities,  including  a  small  repair  room,  a  storeroom,  a  fitler  cleaning 
area  and  a  small  office  and  record  room.  Both  the  Argentine  and  Winslow  Diesel  facilities 
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include  a  lubricating  oil  distribution  system  in  which  oil  is  piped  to  each  engine  stall.  In 
addition,  the  Winslow  facilities  include  a  similar  distribution  system  for  the  delivery  of 
cooling  system  water  to  the  filling  connections  on  the  locomotives,  an  overhead  crane 
and  a  continuous  oil  drain  line  for  bringing  all  used  lubricating  oil  to  a  central  point  for 
reclamation. 

Repair  Facilities  on  the  Rock  Island 

The  heaviest  repairs  of  Diesel  locomotives  of  the  Chicago,  Rock  Island  &  Pacific,  with 
its  fleet  of  road  and  switching  Diesels  with  a  combined  capacity  of  approximately  80,000 
hp.,  are  carried  out  at  the  road's  principal  locomotive  shop  at  Silvis,  111.,  where  one  pit 
track  and  adequate  floor  space  in  the  road's  large  back  shop  at  that  point  have  been 
turned  over  to  heavy  Diesel  locomotive  maintenance  work.  Here,  where  major  engine 
overhauling  and  crank-shaft  work  are  done,  together  with  all  repair  work  on  main  and 
auxiliary  generators;  traction  motors;  water,  fuel,  and  lubricating  oil  pumps;  valves; 
etc.,  the  repair  track  has  the  services,  as  required,  of  the  30-ton  overhead  crane  that 
serves  the  erecting  bay  of  the  back  shop. 

No  underside  or  running  gear  work  is  undertaken  at  the  Silvis  shop,  the  major  work 
of  this  character  being  concentrated  in  the  Diesel  repair  facilities  of  the  road  at  Chicago, 
where  in  addition,  practically  all  the  classes  of  engine  repairs  are  carried  out  except  main 
crank-shaft  jobs  and  generator  and  traction  motor  work.  However,  the  Diesel  repair 
facilities  at  Chicago,  in  themselves,  do  not  permit  of  truck  and  wheel  work,  these  classes 
of  work  being  done  in  the  general  truck  and  wheel  shops  of  the  road  at  this  point. 

At  Chicago  the  Diesel  repair  facilities  of  the  road  are  housed  in  one  section  of  an 
existing  enginehouse  where  six  pit  tracks,  walled'  off  tightly  from  the  steam  section  of 
the  house,  are  used  exclusively  for  Diesel  work.  Here,  the  house  is  equipped  with  an  over- 
head crane  of  20-ton  capacity,  and  two  of  the  tracks  are  served  by  a  truck  transfer  table 
which,  in  conjunction  with  100-ton  portable  hydraulic  jacks,  permits  the  removal  of 
single  pairs  of  wheels  and  entire  trucks.  The  repair  facilities  at  this  point  include  also 
such  machine  tools  as  are  necessary  for  the  running  repairs  handled,  a  small  Diesel  store- 
room, and  adequate  work  benches  and  cabinets.  Other  equipment  at  the  Chicago  shops 
includes  a  Magnaflux  machine  for  testing  parts  and  both  electric  and  gas  welding  equip- 
ment for  making  other  than  major  truck  or  body  repairs. 

Typical  of  the  Diesel  running  repair  facilities  of  the  Rock  Island  are  those  at  Kansas 
City,  Mo.,  and  Memphis,  Tenn.,  the  facilities  at  Kansas  City  being  housed  in  a  metal 
building,  while  those  at  Memphis,  except  directly  over  the  truck  transfer  table  provided, 
are  largely  in  small  buildings  alongside  the  repair  tracks.  At  Kansas  City,  three  tracks 
with  pits  are  set  aside  for  repairs,  while  a  fourth  track  is  provided  for  the  release 
of  wheels  and  trucks.  At  Memphis  there  are  two  tracks  for  servicing  locomotives,  in 
addition  to  a  wheel  and  truck  release  track.  At  both  points  the  facilities  include  a  20-ton 
overhead  crane,  a  truck  and  wheel  transfer  table,  a  small  machine  shop,  a  storeroom,  an 
electrical  shop,  a  tool  room,  a  foreman's  office,  and  toilet  and  locker  facilities.  No  attempt 
is  made  to  do  major  engine  overhauling  or  any  truck  or  wheel  work  at  these  points. 
However,  with  the  truck  transfer  tables  provided,  defective  wheels  or  trucks  can  be 
removed  and  spare  wheels  or  trucks,  on  hand  or  sent  out  from  Chicago,  can  be 
substituted. 

Chicago  &  North  Western  Facilities 

Heavy  and  running  repairs  to  all  of  the  Diesel  equipment  on  the  Chicago  &  North 
Western  are  carried  out  at  the  road's  principal  shops  at  Chicago,  running  repairs  being 
made  exclusively  on  three  Diesel  pit  tracks  completed  early  in  1942,  while  heavier  repairs, 
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Diesel  Locomotives  of  the  Union  Pacific  and  Chicago  &  North  Western,  Over  the 
Inspection  and  Repair  Pits  of  the  Latter  Road  at  Chicago. 


including  engine  overhauling,  crank  shaft  repairs  and  wheel  and  truck  work  are  taken 
care  of, in  the  large  steam  locomotive  repair  facilities  at  this  point. 

The  North  Western's  repair  facilities  are  unique,  and  from  an  operating  stand- 
point have  certain  advantages  since  the  locomotive  repair  tracks  and  their  pits  are,  in 
effect,  a  part  of  streamliner  car  servicing  tracks  and  pits,  where  all  of  the  streamlined 
equipment  of  the  road  entering  Chicago  is  cleaned,  serviced  and  repaired  during  lay- 
over periods.  Thus,  complete  streamlined  trains  are  kept  intact  during  repair  and  serv- 
icing operations  on  both  the  locomotives  and  the  cars. 

In  the  North  Western  layout  as  a  whole,  the  three  streamliner  servicing  tracks  are 
on  21-ft.  centers,  and  their  pits  have  an  overall  length  of  1,592  ft.  Continuous  ground- 
level  concrete  platforms  are  provided  between  the  tracks  and  outside  of  the  outer  tracks. 

The  Diesel  repair  pits  of  the  layout  are  grouped  together  at  one  end  of  the  facilities. 
These  pits,  which  for  each  track  are  230  ft.  long — long  enough  to  take  the  largest  group 
of  power  units  on  any  of  the  road's  streamlined  trains — are  of  reinforced  concrete  con- 
struction, with  a  maximum  depth  below  base  of  rail  of  39  in.,  a  depth  which  was  de- 
termined after  considerable  study  as  to  the  most  comfortable  working  level  for  men 
carrying  out  necessary  operations  of  the  underside  of  the  power  units.  The  minimum 
depth  of  these  pits  is  34  in.,  which  occurs  at  about  the  midpoints  of  their  lengths  as  a 
result  of  the  longitudinal  slope  provided  in  their  bottoms  to  afford  ready  drainage. 

The  walls  of  the  pit  are  rectilinear  upright  masses,  18  in.  thick  poured  monolithic 
with  12-in.  bottom  slabs,  and  these  are  flanked  along  their  outer  sides  throughout  their 
lengths  with  jacking  pads  54  in.  wide  and  24  in.  thick.  A  special  feature  of  these  pits  is 
that  their  side  walls,  which  carry  the  track  rails,  extend  five  inches  from  the  top  surface 
of  the  jacking  pads.  Thus,  jacking  operations  can  be  carried  out  at  any  point  along 
these  pits,  and  the  power  units  as  a  whole  are  elevated  somewhat  above  the  adjacent 
working  level,  simplifying  inspection  and  such  work  as  must  be  carried  on  along  the 
sides  of  the  units.  At  the  same  time,  the  raised  pit  walls  and  rails  reduced  materially 
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A  Diesel  Engine  of  One  of  the  North  Western's  "400"  Train  Locomotives  Undergoing 

Complete  Overhauling  in  the  Steam  Locomotive  Erecting  Shop  at  Chicago, 

in  a  Special  Section  Set  Aside  for  This  Purpose. 

the  amount  of  excavation  required  for  the  pits  and  afford  a  special  advantage  during  the 
winter  under  snow  conditions,  since  all  of  the  pits  are  out  in  the  open,  without  protecting 
cover. 

The  Diesel  pits  are  not  equipped  for  the  dropping  and  replacing  of  trucks  or  wheels. 
For  work  of  this  character,  the  heavy  locomotive  units  of  the  road's  transcontinental 
and  Denver  trains  are  taken  either  to  the  road's  main  locomotive  shop  immediately 
north  of  the  repair  facilities,  or  to  its  terminal  enginehouse  nearby,  at  both  of  which 
points  suitable  drop  pits  and  machine  shop  facilities  are  available.  However,  for  remov- 
ing trucks  from  any  of  the  road's  "400"  train  Diesel  locomotives,  for  any  kind  of 
truck,  wheel,  or  motor  work,  the  locomotive  is  moved  to  a  small  truck  transfer  table 
several  hundred  feet  east  of  the  inspection  pits.  Here  the  body  is  jacked  up  and  the  truck 
is  moved  to  the  truck  shop.  A  spare  truck  for  the  "400"  Diesel  locomotives  is  available 
for  replacements  in  order  to  avoid  delaying  trains. 

All  of  the  pits  are  served  by  water,  compressed  air,  steam  and  electric  power,  as 
well  as  by  fueling  and  sanding  facilities.  Four  small  shop  buildings  of  sheetmetal  con- 
struction form  a  part  of  the  Diesel  layout,  being  located  directly  alongside  one  of 
the  outer  inspection  pits.  One  of  these  buildings,  56  ft.  long  by  7  ft.  wide,  is  essen- 
tially a  workman's  locker  room,  equipped  with  toilet  facilities;  another,  74  ft.  long  by 
7  ft.  wide,  provides  a  20-ft.  oil  room,  a  34-ft.  mechanical  shop  and  a  20-ft.  electrical 
shop;  still  another  30  ft.  long  by  7  ft.  wide,  is  used  as  an  office;  while  the  fourth,  8  ft. 
long  by  7  ft.  wide,  is  used  for  the  storage  of  Diesel  cylinder  liners.  A  former  car  shop 
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building,  302  ft.  long  by  80  ft.  wide,  near  the  streamliner  servicing  facilities,  provides  in 
part  an  exclusive  storehouse  for  streamliner  equipment  and  parts,  including  all  materials 
for  the  maintenance  and  repair  of  Diesel  locomotives. 

Removing  complete  Diesel  engines  for  overhauling  on  the  North  Western  is  done 
within  the  stripping  shop  of  the  steam  locomotive  facilities  at  Chicago,  which  shop  is 
equipped  with  two  tracks,  and  is  served  by  two  65-ton  overhead  cranes  and  one  10-ton 
overhead  crane.  In  addition  to  the  crane  equipment,  one  of  the  tracks  in  this  shop  is 
served  by  a  drop  table  of  100-ton  capacity  for  changing  complete  single  trucks  of  any 
of  the  road's  "400"  Diesel  units.  The  articulated  trucks  of  certain  of  the  road's  trans- 
continental Diesel  locomotives,  which  are  too  long  to  be  handled  on  the  table  in  the 
stripping  shop,  are  removed  and  replaced  in  the  enginehouse  at  Chicago,  where  a  drop 
table  of  sufficient  size  is  available. 

The  actual  overhauling  of  any  of  the  Diesel  engines  on  the  North  Western  is 
done  in  a  space  set  aside  at  one  end  of  the  large  erecting  shop  at  Chicago,  the  engines 
being  moved  between  the  stripping  shop  and  the  point  of  overhauling  in  the  erecting 
shop  on  four-wheel  dolly  trucks  moved  over  the  transfer  table  serving  the  erecting 
shop. 

Very  little  special  equipment  has  been  found  necessary  to  effect  the  overhauling  of 
Diesel  engines  on  the  North  Western,  this  equipment  being  limited  to  a  variety  of  wrenches, 
gear  pullers,  cylinder  liner  hones,  cylinder  head  valve  reseating  tools,  etc.  All  wheel  and 
truck  work  is  done  within  the  well-established  wheel  and  truck  departments  of  the  steam 
locomotive  repair  facilities  at  Chicago. 


Report  on  Assignment  8 

The  Use  of  Substitutes  for  Critical  Building  Materials 

A.  L.  Sparks   (chairman,  subcommittee),  C.  E.  Booth,  H.  M.  Church,  W.  G.  Harding, 
N.  D.  Howard,  J.  E.  Myer. 

This  report  is  submitted  as  information. 

In  view  of  the  pressing  demand  for  structural  materials  for  military  purposes,  which 
is  creating  and  will  continue  to  create  serious  shortages  in  many  materials,  it  is  in- 
cumbent upon  all  railway  men,  whether  in  charge  of  building  construction  and  mainte- 
nance or  some  other  task,  to  keep  informed  of  those  materials  which  are  "critical",  and 
through  conservation,  substitution  and  reclamation,  conserve  them  to  the  greatest  pos- 
sible extent  so  that  they  will  be  available  for  the  more  critical  phases  of  the  war  effort. 

Quoting  from  War  Production  Board  Bulletin  1788: 

Every  builder  is  urged  to  ask  himself  several  questions  and  to  give  careful 
consideration  to  their  answers  before  filing  applications  for  authorization  to  begin 
construction.  He  should  ask  himself  whether  his  project  is  necessary  to  the  success- 
ful execution  of  the  war.  He  should  ask  whether  it  isn't  practical  to  rent  or  con- 
vert instead  of  building  new.  He  should  ask  if  his  design  is  the  simplest  possible, 
just  sufficient  to  meet  minimum  requirements.  He  should  ask  if  there  are  available 
all  utilities,  water,  electricity,  gas,  etc.,  needed  for  his  project.  Even  if  he  can  an- 
swer all  these  questions  satisfactorily,  he  should  consider  carefully  the  possibility 
of  deferring  his  project  for  the  duration. 

The  sole  criterion  is  whether  the  project  is  necessary  to  the  prosecution  of  the 
war  or  to  maintain  the  public  health  and  safety. 
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Railway  men  can  contribute  most  in  the  conservation  of  critical  materials  by  the 
deferment  of  work  requiring  these  materials,  when  such  work  is  not  essential  to  adequate 
war-time  transportation.  They  can  also  help  by  salvaging  and  reclaiming  any  scarce 
materials  that  are  not  being  used  for  essential  purposes  in  buildings  or  other  structures. 
Likewise,  non-critical  materials  can  be  substituted  in  most  types  of  construction. 

Due  to  the  heavy  increase  in  traffic  and  the  resulting  increase  in  forces,  some  re- 
habilitations, extensions  and  enlargements  are  essential,  even  though  not  directly  con- 
nected with  war  industries.  Many  small  railway  buildings  are  entirely  inadequate  for 
handling  the  present  volume  of  business.  For  example,  in  many  cases  there  is  a  need  for 
larger  yard  offices  and  more  toilet  and  locker  facilities,  and  similar  structures  where 
temporary  emergency  quarters  are  not  available. 

On  some  railroads  the  major  portion  of  materials  for  such  construction  often  com- 
prises salvage  obtained  by  dismantling  structures  no  longer  needed  or  by  reducing  the 
size  of  buildings  which  are  larger  than  necessary,  but  even  with  the  maximum  curtail- 
ment of  construction  and  the  use  of  all  available  salvage,  there  will  still  be  a  need 
for  much  new  material  for  essential  construction  and  maintenance.  In  all  such  work, 
use  of  the  following  items  should  be  avoided  whenever  possible: 

Tin  Bronze 

Nickel  Lead 

Aluminum  Zinc 

Copper  Steel 

Chromium  Rubber 
Brass 

Other  materials,  such  as  softwood  lumber,  should  also  be  used  sparingly  even  though 
priority  ratings  are  granted  for  their  purchase. 

The  sale  of  Portland  cement  is  restricted  in  some  localities  but  not  in  all. 

The  use  of  a  few  items  of  construction  material  is  unrestricted  to  the  extent  that 
they  may  be  purchased  in  the  open  market  without  priority  assistance;  among  these  are: 

Brick  Gypsum  blocks 

Natural  cement  Roll  roofing 

Plaster  cement  Asphalt  shingles 

Lime  Four  and  six-inch  vitrified  tile 

Gypsum  Hollow  clay  tile 

Plasterboard  (lath)  Glass  blocks 

Coal  tar  pitch  Sheet  glass 

Portland  cement  (in  some  locations)  Paint 

Even  the  use  of  some  of  these  items  may  be  restricted  before  this  report  goes  to  press. 

Buildings  of  simple  design  may  be  built  of  brick  or  stone,  on  stone  or  concrete 
foundations  with  brick  and  hollow  tile  partitions,  a  concrete  first  floor  on  solid  fill,  with 
joists  and  sheathing  of  salvaged  lumber,  lathed  with  gypsum  board  or  other  plaster  base, 
and  plastered.  Such  buildings  can  be  built  almost  entirely  of  non-critical  materials. 

The  lower  grades  or  less  critical  species  of  softwood  lumber  may  be  used  generally 
and  certain  species  of  hardwood  lumber  may  be  used  in  localities  where  available. 

In  some  cities,  building  codes  regulating  the  use  of  materials  and  methods  of  con- 
struction, reconstruction,  alteration,  maintenance  and  repair  of  buildings  or  other  struc- 
tures have  been  partially  suspended  for  the  duration  of  the  war,  thereby  allowing  the 
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substitution  of  materials  and  methods  heretofore  barred.  It  is  suggested,  therefore,  that 
railroad  men  keep  informed  regarding  this  matter  with  a  view  to  using  simplified  con- 
struction in  less  important  structures  where  more  permanent  or  fireproof  construction 
would  normally  be  required. 

Liberal  provision  is  allowed  in  the  WPB  conservation  order  for  the  use  of  second- 
hand materials  where  ownership  is  not  changed  so  that  abnormally  high  dismantling  and 
high  salvaging  costs  may  be  justified  to  secure  the  materials  for  essential  construction. 
Heating  equipment,  plumbing  fixtures  and  fittings  are  difficult  to  procure  with  the  usual 
priority  assistance  provided  for  the  railroads.  It  is  suggested  that  many  railroads  set  up 
their  own  shops  for  completely  overhauling  and  reconditioning  discarded  valves  and 
plumbing  fixtures. 

Almost  every  unused  building  contains  old  plumbing  fixtures  of  some  kind,  such 
as  hose  bibbs,  stop  cocks,  faucets,  or  even  remnants  of  unused  cast  iron  soil  stacks. 
In  many  instances  these  articles  could  serve  a  better  purpose  if  put  back  into  service 
through  the  reclamation  shop  than  if  they  were  thrown  in  the  scrap  bin. 

Electric  wire  and  lighting  appurtenances  are  also  critical  materials,  but  large  quan- 
tities of  wire  and  conduit  can  usually  be  salvaged  in  the  dismantling  of  old  buildings. 
Porcelain  outlet  boxes  can  be  used,  thereby  enabling  the  reuse  of  much  of  this  material, 
even  if  in  relatively  short  lengths. 

Plastic  electric  fixtures  and  fittings  are  now  being  manufactured  in  which  very  little 
metal  is  used. 

Large  quantities  of  materials  will  continue  to  be  used  in  repairing  buildings  for 
which  priority  assistance  is  provided  under  WPB  order  L41. 

It  is  in  this  connection  that  with  patriotic  and  conscientious  watchfulness  every 
building  construction  and  maintenance  man  can  render  valuable  service  to  his  country  by 
substituting  non-critical  materials  for  critical  materials. 

Following  is  a  list  of  possible  substitutions: 

Wood  trusses  for  steel 

Plywood  girders  for  steel 

Gravity  walls  for  reinforced  concrete 

Thicker  concrete  floors  with  less  reinforcing 

Brick  walls  for  walls  requiring  hardware,  metal  lath  or  lumber 

Asbestos  siding  for  drop  siding  and  corrugated  iron 

Asbestos  shingles  or  asphalt  shingles  for  steel  roofing 

Brick,  asbestos  wallboard,  fiberboard  or  glass  for  steel  toilet  partitions  and  shower 

stalls 
Glass  blocks  and  heavy  wood  sash  for  steel  sash 
Wood  for  metal  gutters  and  down  spouts 
Laminated  wood  for  heavy  wood  timbers 
Salvaged  wood  for  new  wood  where  possible 

Concrete  floors  on  solid  fill,  for  floors  normally  supported  by  beams 
Scrap  rail  for  trolley  or  monorail  tracks  in  lieu  of  I-beams 
Composition  flashings  for  metal 

Various  types  of  wood  doors  for  steel  rolling  and  other  metal  doors 
Wood  ventilators,  monitors  and  skylights  for  metal 
Concrete  and  terra  cotta  pipe  for  metal  pipe 
Wood  tanks  for  steel 

Wood  or  concrete  wash  troughs  for  cast  iron 
Wood,   fiberboard  or  composition  lockers  for  steel  lockers 
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Masonry  arches  for  steel  or  reinforced  lintels 

Short  wood  ties  laid  diagonally  on  engine  pits  in  lieu  of  heavy  timber 

Glass,  porcelain  and  plastic  lighting  fixtures  in  lieu  of  fixtures  of  heavy  metal 

Second-hand  wood  stringers  for  reinforced  concrete  pit  walls 

Second-hand  locomotive  air  cylinders  for  new  hot  water  storage  tanks 

Cast  iron  stoves  instead  of  boilers,  radiators  or  unit  heaters 

Brick  chimneys  instead  of  cast  iron  smoke  stacks 

Wood  or  asbestos  smoke  jacks  for  metal 

Plasterboard  or  fiberboard  instead  of  wood  for  ceiling  or  wall  sheathing 

Bright  roofing  nails  instead  of  galvanized  roofing  nails 

Wood  fences  for  steel 

Wood  or  concrete  manhole  covers  for  cast  iron.  Wood  where  there  is  not  much 

traffic,  concrete  where  traffic  must  be  considered 
Reclaimed  rethreaded  bolts  and  nuts 
Vitrified  clay  soil  pipe  instead  of  cast  iron  wherever  possible 

All  construction  is  definitely  limited  by  WPB  Conservation  Order  L41  and  will  be 
affected  further  by  subsequent  interpretations  and  revisions.  Therefore,  it  is  vitally  im- 
portant that  all  building  men  keep  informed  about  these  matters. 

At  the  same  time,  with  definite  responsibility  for  the  safety  and  sanitation  of  rail- 
way buildings,  building  men,  in  their  zeal  to  cooperate  with  the  war  effort  through 
the  use  of  substitute  materials,  must  not  lose  sight  of  the  important  factors  of  safety, 
fire  hazard  and  sanitation.  In  other  words,  while  endeavoring  to  conserve  critical  mate- 
rials in  every  way  possible,  they  should  endeavor  to  build  substantial,  safe,  fire-resistant 
and  sanitary  structures,  and  not  overlook  the  fact  that  adequate  rail  transportation  facili- 
ties are  essential  to  the  war  effort  of  the  country  and  to  the  general  public  morale. 
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Committee 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  report — including  recommended  revisions   page  252 

2.  Standardization  of  parts  and  accessories  for  railway  maintenance  motor  cars. 
No  report. 

3.  Manual  of  instructions  for  care  and  operation  of  maintenance  of  way  equipment. 
No  report. 

4.  Self-contained  direct-blow  gasoline  tampers. 
No  report. 

5.  New  developments  in  roadway  machines. 
No  report. 

6.  Portable  electric  power  plants  and  electrically  driven  tools. 

Final  report — submitted  as  information  page  253 

7.  Rail  cranes  on  combined  crawler  and  rail  mountings. 

Final  report — submitted  as  information  page  255 

8.  Mowing  machines. 
No  report. 

9.  Wire  rope  used  in  work  equipment. 

Final  report- — submitted  as  information  page  256 

10.  Railway  owned  automotive  equipment. 

Final  report — submitted  as  information  page  261 
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11.  Power  spike  pullers. 
No  report. 

12.  Weed  burners  and  extinguisher  cars. 

Final  report — submitted  as  information   page  263 

13.  Safety  devices  for  work  equipment,  collaborating  with  Committee  22 — Economics  of 
Railway  Labor,  and  with  Safety  Section,  AAR. 

Final  report — submitted  as  information   page  264 

The  Committee  on  Maintenance  of  Way  Work  Equipment, 

C.  H.  R.  Howe,  Chairman. 


Report  on  Assignment  1 

Revision  of  Manual 

Edgar  Bennett   (chairman,   subcommittee),   G.  E.   Boyd,   R.   M.  Leeds,   C.   E.  Morgan, 
T.  M.  Pittman. 

Emergency  Action 

Having  in  mind  the  conditions  with  which  manufacturers  and  suppliers  of  materials 
were  confronted  because  of  the  war,  and  the  necessity  of  conserving  critical  materials 
for  that  purpose,  the  committee  desires  to  advise  that  the  following  emergency  action 
was  taken. 

The  committee  by  letter  ballot  voted  to  recommend  an  amendment  to  paragraph  1, 
page  27-1  of  the  Manual,  covering  "Gasoline  Lines"  of  copper  construction,  to  read  as 
follows: 

"Permissible  alternate — approved  flexible  line  with  sediment  bulb." 

This  amendment  was  submitted  to  and  adopted  by  the  Emergency  Committee 
representing  the  Board  of  Direction. 


The  subcommittee  reporting  on  Assignment  6,  Color  of  roadway  machines,  presented 
to  the  Association  at  the  annual  meeting  in  1942  the  recommendation  that  the  color 
"Federal  Yellow"  be  adopted  as  the  standard  color  for  roadway  machines  and  that  this 
recommendation,  along  with  a  color  plate  illustrating  the  exact  shade,  be  submitted  in 
1943  under  the  subject  Revision  of  Manual.  However,  the  use  of  the  term  Federal 
Yellow  as  a  definite  color  is  confusing  because  the  United  States  government  uses  several 
different  shades  of  yellow.  The  color  chosen  by  this  committee  and  accepted  by  the 
Association  was  formerly  designated  as  Federal  Yellow  but  is  now  designated  as  Standard 
Yellow  for  Highway  Signs. 

It  is  therefore  recommended  that  the  material  appearing  at  the  top  of  page  27-9  of 
the  Manual  now  reading: 
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STANDARD   COLORS  FOR  WORK  EQUIPMENT 
AND  MOTOR  CARS 

1931 

The  most  suitable  colors  for  use  on  motor  cars  and  work  equipment  are  as  follows: 

For  motor  cars   Federal  yellow 

For  light  work  equipment   Federal  yellow 

For  heavy  work  equipment  Black 

be  revised  to  read: 


STANDARD  COLORS  FOR  PAINTING  MOTOR  CARS,  ROADWAY 
MACHINES  AND  WORK  EQUIPMENT 

1943 

The   most   suitable   colors   for   painting   motor   cars,   roadway   machines   and   work 
equipment  are  as  follows: 

For  motor  cars   Yellow* 

For  roadway  machines   Yellow* 

For  light  work  equipment   Yellow* 

For  heavy  work  equipment  Black 

*  The  yellow  recommended  is  the  Standard  Yellow  for  Highway  Signs  of  the  U.  S. 
Public  Roads  Administration.  The  predominating  color  of  the  equipment  may  be  yellow 
but  some  parts  of  the  machines  are  customarily  painted  black. 


Report  on  Assignment  6 

Portable  Electric  Power  Plants  and  Electrically  Driven  Tools 

C.  E.  Morgan  (chairman,  subcommittee),  J.  G.  Hartley,  E.  C.  Jackson,  F.  H.  McKenney, 
E.  H.  Mills,  A.  J.  Neff,  C.  H.  Ordas,  P.  G  Petri,  F.  H.  Rothe. 

The  following  report  is  offered  as  information  and  it  is  recommended  that  the 
subject  be  discontinued. 

The  use  of  small  portable  electric  power  plants  has  become  so  general  that  it  is  well 
to  take  note  of  their  extensive  adaptability.  In  some  instances  certain  tools  appear  in 
large  numbers.  The  tamping  machines  with  vibratory  three-phase  tools  comprise  one 
example,  and  the  sizes  used  are  from  two  to  five  kv.a.  Five  years  ago  the  five-kv.a. 
machines  were  used  in  the  greatest  numbers,  but  during  the  last  two  years  the  two-kv.a. 
outfit  has  made  an  invasion  into  this  field.  The  two-kv.a.  machine  will  operate  four 
tampers  and  is  used  in  small  gangs.  It  is  more  readily  portable  than  the  five-kv.a.  unit 
and  provides  greater  flexibility.  Portability  of  the  power  plant  is  one  of  the  features 
that  has  brought  the  use  of  electric  tools  into  favor.  For  this  reason  it  is  often  desirable 
where  a  considerable  number  of  tools  are  to  be  used,  to  provide  two  or  more  plants  of 
not  more  than  five-kv.a.  rather  than  a  single  one  of  larger  capacity.  This  arrangement 
also  gives  greater  flexibility  since  it  permits  transfer  of  part  of  the  equipment  to  another 
location  if  desired. 
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The  bridge  and  building  crews  employ  many  electric  tools  and  can  use  to  good 
advantage  a  5-kv.a.  unit  which  will  handle  such  equipment  as  a  chain  saw,  12-in.  cir- 
cular hand  saw,  nut  runner  up  to  one  inch,  £4-in.  electric  drills,  concrete  vibrators  and 
lag  screw  drivers.  There  are  some  crews  equipped  with  2  to  3  kv.a.  units  where  chain 
saws  are  not  used  and  where  only  smaller  tools  like  J^-in.  electric  drills  and  small  nut 
runners  of  small  size  lag  screws  are  used.  They  also  make  good  portable  units  for  flood 
lighting.  The  building  repair  crews  that  have  no  heavy  frame  work  and  for  which  an 
8-in.  cut-off  electric  rotary  saw  is  adequate,  and  other  tools  are  of  like  proportions,  find 
a  2-kv.a.  unit  large  enough.  The  lack  of  speed  control  may  handicap  some  users  of 
electrical  tools  in  drilling  operations  such  as  are  required  for  steel  bridge  repairs,  and 
where  air  is  used  in  riveting  it  continues  to  be  favored  also  for  drilling. 

Reciprocating  electric  tamping  tools  are  also  used,  the  current  requiring  conversion 
from  the  a.c.  of  the  generator  to  d.c.  The  generators  of  6  to  12  kv.a.  are  110  volts, 
3-phase  and  will  operate  a  large  variety  of  tools.  It  is  a  well  established  fact  that  there 
is  less  friction  loss  in  rotative  tools  than  in  tools  of  a  reciprocating  design.  They  likewise 
have  better  torque  or  turning  characteristics  in  that  the  turning  action  is  steady  while 
reciprocative  tools  impose  a  series  of  impulses  with  each  revolution. 

The  units  range  in  size  from  2  to  15  kv.a.,  but  from  2  to  5  kv.a.  seem  to  be  the 
most  popular  sizes.  Most  rotary  tools  used  with  portable  plants  are  universal  so  they 
can  be  employed  with  either  a.c.  or  d.c.  power.  Most  of  them  are  110-volt  tools  so  they 
can  also  be  used  where  commercial  circuits  of  110  volts  a.c.  are  available. 

Portable  plants  are  used  for  sources  of  electricity  for  concrete  vibrating  and  finish- 
ing, sawing,  drilling,  dapping,  nut  running  and  lighting.  Arc  welding  machines  are  used 
extensively  on  bridge  repairs  and  to  replace  metal  worn  away  on  frogs,  crossings  and 
rail  ends.  The  open  circuit  voltage  of  most  welding  generators  will  be  80  to  95  volts, 
thereby  affording  a  source  which  can  be  used  for  small  110-volt  tools  not  drawing  much 
power.  Some  welding  generators  have  a  110-volt  winding  for  auxiliary  tools.  Such 
machines  will  handle  both  auxiliary  loads  and  the  welding  at  the  same  time. 

Manufacturers  of  electric  drills  usually  make  two  or  three  grades  of  tools,  for  light, 
medium  and  heavy  work.  Where  the  work  is  on  a  production  basis,  the  heavy  duty  drill 
should  be  chosen.  While  the  size  rating  of  a  drill  is  based  on  its  capacity  in  steel  and 
the  capacity  in  hard  wood  is  usually  given  as  about  twice  that  in  steel,  it  should  be 
remembered  that  boring  in  hard  wood,  especially  when  green,  is  very  severe  service  and 
the  drill  chosen  for  such  work  should  not  generally  be  smaller  than  its  rated  capacity  in 
steel.  A  drill  of  even  larger  capacity  will  be  found  to  give  longer  life  and  more  satisfac- 
tory service.  If  proper  consideration  is  given  to  the  selection  of  the  right  sized  tool  for 
the  job  and  that  tool  is  not  overloaded,  but  is  properly  lubricated  and  maintained,  it 
will  give  many  hours  of  satisfactory  service.  To  produce  desirable  results,  responsible, 
capable  and  properly  trained  men  should  be  placed  in  charge  of  all  power  tools. 

In  determining  the  size  of  an  a.c.  power  unit  required  for  the  operation  of  a  given 
number  of  tools  of  various  kinds  and  sizes,  it  must  be  remembered  that  the  power  load 
rating  of  an  alternator  is  approximately  20  percent  less  than  its  lamp  load  rating  and 
it  is  necessary  that  the  combined  load  rating  of  all  the  tools  to  be  used  at  the  same  time 
shall  not  exceed  approximately  SO  percent  of  the  lamp  load  rating,  which  is  the  rating 
ordinarily  given  by  the  manufacturer.  Thus  in  the  case  of  a  5-kv.a.  alternator,  the  load 
should  not  exceed  4  kv.a.,  and  for  a  2-kv.a.  machine,  it  should  not  exceed  1.6  kv.a. 
This  rule  does  not  hold  for  d.c.  generators  which  may  be  loaded  to  their  full  rated 
capacity.  It  is  necessary  to  know  the  ampere  rating  of  the  various  tools  so  that  the 
total  load  resulting  from  the  use  of  certain  tools  in  combination  can  be  approximated. 


Kv.a.  at  110 

Load  Speed 

Volts 

RPM 

0.55 

350 

0.88 

350 

0.99 

300 

0.99 

4,000  to  5,000 

1.65 

3,000  to  4,000 

2.75 

1,000  (ft.  per 

min.) 

1.50 

90 
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The  power  required  for  the  operation  of  various  electric  tools  cannot  be  definitely 
set  up;  different  manufacturers  give  different  ratings  for  tools  of  approximately  the 
same  size.  The  values  given  below  for  a  few  commonly  used  tools  are  not  to  be  consid- 
ered exact  but  may  be  applied  for  estimating  purposes: 

Ampere 

Tool  Rating 

yi-in.  Heavy  duty  drill    5.0 

>4-in.  Heavy   duty  drill    8.0 

1-in.  Heavy   duty   drill    9.0 

8-in.  Circular  saw 9.0 

12-in.  Circular  saw  15.0 

24-in.  Chain   saw    25.0 

1-in.  Driver  for  §^-in.  lag  screw   12.0 

One  of  the  most  important  and  satisfactory  uses  of  portable  electric  power  plants 
is  that  of  flood  lighting  at  wrecks  where  tank  cars  involving  gasoline  or  oils  may  be 
found  and  open  lights  are  not  permitted.  One  railroad  provides  the  locomotive  wrecker 
train  on  each  division  with  an  800- watt  a.c.  compact  power  plant  with  pipe  frame  carry- 
ing handles.  In  a  tool  box  equipped  for  two  men  to  carry  are  two  floodlights  of  250-watt 
size  and  two  100-ft.  extension  cords  with  sockets  and  plug.  Each  floodlight  has  a  50-ft. 
cord.  When  the  wrecker  leaves  the  job  if  there  is  track  work  still  to  be  done  the  units 
are  left  until  the  track  is  made  safe,  then  the  section  men  pack  up  the  floodlights  and 
cords,  lock  the  box  and  send  both  units  back  to  the  headquarters  of  the  wrecker. 

The  apparent  reason  for  the  increase  in  the  number  of  units  used  in  recent  years  is 
to  enable  a  man  to  accomplish  more.  Labor  shortage  makes  it  necessary  to  purchase 
units  with  which  the  present  forces  can  accomplish  more  and  better  work.  Some  illus- 
trations from  a  survey  made  on  roads  so  equipped  afford  interesting  conclusions.  One 
man  with  a  2-kw.  plant  and  a  cutoff  saw  completed  more  framing  than  5  men  with 
hand  saws.  One  man  drilling  on  a  bridge  with  a  34-in.  heavy  duty  drill  completed  more 
holes  in  one  hour  than  4  men  with  hand  tools.  Two  men  on  the  same  job  drove  more 
lag  screws  with  electric  drivers  than  10  men  could  put  down  with  hand  wrenches.  Better 
uniformity  of  tightening  was  obtained  with  the  electric  tools  than  by  hand. 


Report  on  Assignment  7 

Rail  Cranes  on  Combined  Crawler  and  Rail  Mountings 

J.  N.  Todd  (chairman,  subcommittee),  C.  L.  Fero,  C.  R.  Knowles,  E.  H.  Mills,  R.  A. 
Morrison,  A.  J.  Neff,  E.  H.  Ness,  F.  H.  Rothe,  J.  C.  Ryan,  R.  R.  Smith,  J.  L. 
Starkie,  Roy  Wade,  F.  F.  Zavatkay. 

This  report  is  submitted  as  information  with  the  recommendation  that  the  assign- 
ment be  discontinued. 

This  assignment  relates  to  a  crawler  crane  that  is  similar  to  other  cranes  except  that 
it  has  retractable  flanged  wheels  in  addition  to  crawler  treads.  The  illustration  shows  the 
machine  with  flanged  wheels  retracted  and  ready  to  be  lowered  to  the  rails.  Lowering 
the  wheels  has  the  effect  of  raising  the  crawler  and  the  machine  can  operate  on  the  track 
just  as  a  locomotive  crane. 
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A  Combination  Machine  in  Position  for  Transfer  from  Crawler  Treads  to 
Flanged  Wheel  Mounting  on  a  Track. 


This  type  of  machine  is  not  now  employed  extensively  and  probably  will  not  be 
for  the  duration  of  the  war;  but  its  special  features  may  prove  attractive  when  its 
manufacture  is  resumed.  One  road  has  found  it  useful  and  valuable  in  a  shop  yard 
where  there  are  restrictions  to  free  movement.  There  are  no  reports  of  its  use  in  rail 
laying  but  its  particular  advantages  suggest  a  wide  range  of  usefulness  in  all  phases  of 
this  service  from  distribution  to  the  recovery  of  the  released  material.  Railroads  not 
having  fully  mechanized  rail  gangs  should  find  it  valuable  because  of  its  mobility  and 
its  adaptability  to  many  uses. 


Report  on  Assignment  9 

Wire  Rope  Used  with  Work  Equipment 

R.  A.  Morrison   (chairman,  subcommittee),  Edgar  Bennett,  C.  M.  Angel,  G.  J.  Ermen- 
trout,  E.  C.  Jackson,  Jack  Largent,  W.  D.  Rhoads,  J.  C.  Ryan,  G.  R.  Westcott. 

This  report  is  submitted  as  information  with  the  recommendation  that  the  assign- 
ment be  discontinued. 

While  wire  rope  and  manila  rope  have  certain  advantages  for  specific  uses,  the  latter 
is  limited  to  manual  operations,  because  it  is  softer  on  the  hands  and  because  of  its 
qualities  of  flexibility  and  elasticity.  For  use  with  work  equipment,  wire  rope  has  the 
advantage  of  greater  strength  for  the  same  diameter  and  weight;  its  strength  remains 
equal  whether  wet  or  dry;  and  its  length  is  constant  under  all  weather  conditions. 
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Construction 

In  the  construction  of  wire  rope,  iron  and  steel  (cast,  plow,  and  improved  plow) 
are  the  usual  materials.  Iron  wire  has  a  tensile  strength  of  from  70,000  to  80,000  lb.  per 
sq.  in.  and  should  be  used  where  strength  is  unimportant.  Cast  steel  rope  has  a  tensile 
strength  of  180,000  to  200,000  lb.  per  sq.  in.  and  is  used  for  light  duty  service.  Plow  steel 
has  a  tensile  strength  of  200,000  to  220,000  lb.  per  sq.  in.,  while  improved  plow  steel 
has  a  tensile  strength  varying  from  220,000  to  240,000  lb.  per  sq.  in.  and  is  generally 
used  for  making  all-purpose  rope.  The  wire  rope  is  made  with  different  numbers  of 
strands  and  numbers  of  wires  to  the  strand,  according  to  the  purpose  for  which  the  rope 
is  to  be  used.  Flexibility  is  gained  by  increasing  the  number  of  strands  and  number  of 
wires  per  strand  in  a  given  diameter.  Standard  wire  ropes  are  made  with  either  a  fiber 
(hemp)  center,  a  wire  rope  center,  or  a  metallic  (wire  strands)  core.  The  fiber  center  is 
usually  saturated  with  a  lubricant  which  acts  as  a  cushion  to  preserve  the  shape  of  the 
rope  and  helps  to  lubricate  the  wires.  Factory  lubrication  of  a  wire  rope  cannot  be  ex- 
pected to  last  throughout  the  life  of  a  rope.  Failure  to  lubricate  wire  ropes  and  especially 
those  exposed  to  corrosive  elements  or  under  severe  stress  or  bending  conditions  will 
cause  an  early  exhaustion  of  the  core  preservative  and  rapid  deterioration  of  the  core. 
The  life  of  the  rope  is  largely  measured  by  the  life  of  the  core.  A  metallic  core  or  wire 
rope  center  adds  about  iy2  percent  to  the  rope's  strength,  and  costs  about  15  percent 
more  than  a  rope  with  a  hemp  center. 

Lay 

Lay  refers  to  the  twist  or  helical  form  which  is  characteristic  of  all  wire  rope.  The 
strand  lay  refers  to  the  twist  of  the  individual  wires  composing  a  strand.  The  rope  lay 
refers  to  the  twist  of  the  strands  around  the  core.  In  a  right  lay  rope  the  strands  are 
laid  similar  to  a  right  hand  screw  thread  and  a  left  lay  rope  is  laid  in  the  opposite 
direction.  Regular  lay  applies  to  rope  of  either  direction  of  lay  in  which  the  wires  in  the 
individual  strands  are  laid  in  the  opposite  direction  from  that  of  the  rope  itself. 

Lang  lay  refers  to  a  rope  in  which  the  wires  composing  the  strands  are  laid  in  the 
same  direction  as  the  rope.  Ropes  may  be  either  right  lang  lay  or  left  lang  lay.  Ropes 
with  lang  lay,  unless  pre-formed,  are  more  apt  to  kink  than  ropes  made  with  regular  lay. 

In  reverse  lay  wire,  the  alternate  strands  are  laid  right  and  left  lay.  Ropes  of  this 
type  eliminate  twisting  and  rotating  and  reduce  stretching  to  a  minimum. 

Various  Strand  Constructions 

Round  strand. — This  construction  consists  of  a  number  of  round  wires  twisted  in  a 
round  strand.  The  wire  rope  usually  consists  of  6  or  8  strands  generally  made  of  7,  19 
or  37  wires  each. 

Flattened  strand. — This  construction  usually  consists  of  5  or  6  keystone  or  oval 
strands  and  a  hemp  center;  thus  the  outer  wires  conform  to  a  circle,  and  provide  a 
greater  wearing  surface  between  strands  and  a  smooth  outer  surface  in  contact  with 
drums,  sheaves  and  pulleys. 

Non-rotating. — The  usual  type  of  round  strand  non-rotation  wire  rope  consists  of 
18  strands  of  7  wires  each,  of  which  the  12  outer  strands  are  laid  in  the  opposite  direc- 
tion. This  arrangement  equalizes  the  rotating  or  twisting  tendency  that  is  present  where 
all  strands  are  laid  in  the  same  direction. 

Steel  clad. — This  is  a  round  strand  construction  having  each  strand  wound  spirally 
with  a  flat  steel  wire.  By  so  wrapping  each  strand  the  wires  at  the  surface  and  where 
the  strands  adjoin  are  relieved  of  considerable  wear. 
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Locked  coil. — This  construction  is  that  of  a  succession  of  concentric  layers  of  special 
shaped  wires,  the  surface  layer  being  of  locked  section.  The  locking  outside  wires  give 
a  smooth,  cylindrical  surface. 

Filler  Wire. — Ropes  of  the  Warrington  or  Seale  construction  having  individual  wires 
wound  between  strands  are  much  in  use  where  additional  strength  is  required. 

Pre-formed  wire  rope. — Pre-forming  is  a  process  of  shaping  wires  and  strands  to  the 
normal  form  they  will  occupy  in  service  and  is  applied  to  both  round  and  flattened 
strand  constructions  where  conditions  require  a  rope  that  will  not  unravel  or  fly  apart  if 
the  ends  are  not  seized,  that  will  not  kink  easily,  is  more  flexible  for  spooling  and  easily 
handled. 

Factors  of  Safety 

The  factor  of  safety  should  be  determined  after  consideration  of  such  data  as  types 
of  loads,  acceleration  and  deceleration,  rope  speed,  rope  attachments,  number,  size,  and 
arrangements  of  drums  and  sheaves,  conditions  causing  corrosion  and  abrasion,  and  the 
time  the  rope  has  been  in  service. 

For  general  use,  the  working  load  should  not  exceed  one-fifth  of  the  breaking 
strength  of  the  rope.  This  means  the  factor  of  safety  should  not  be  less  than  five;  and 
in  some  cases,  a  safety  factor  of  as  much  as  8  is  required  for  safe  and  dependable 
operation. 

Causes  of  Failure 

Following  are  some  of  the  more  common  causes  of  failure  of  wire  rope: 

1.  Use  of  ropes  of  incorrect  size,  construction  or  grade. 

2.  Allowing  ropes  to  drag  over  obstacles.  In  this  manner  rope  is  exposed  to 
unnecessary  wear,  kinking,  etc. 

3.  Lack  of  proper  lubrication.  This  causes  heating  and  excessive  friction  wear. 

4.  Sheaves  and  drums  of  inadequate  size  that  cause  short  radius  bends.  The 
largest  practical  size  of  drums,  sheaves,  and  pulleys  should  be  employed,  and 
high  speed  should  be  avoided.  The  tread  diameter  in  a  drum  or  sheave  should 
be  in  accordance  with  Table  1. 

5.  Over  winding  or  cross-winding  on  drums. 

6.  Sheaves  and  drums  defective  or  out  of  alinement.  Badly  worn  sheaves  cause 
winding  and  cutting  of  strands.  Poor  alinement  of  sheaves  causes  excessive 
wear  and  often  overstresses  the  rope. 

7.  Ropes  jumping  sheave  flanges.  Rope  should  be  let  out  slowly  so  as  to  be  taut 
at  all  times. 

8.  Effects  of  heat,  moisture  or  acid  fumes. 

9.  Improper  fittings.  Clamps,  thimble,  and  other  fittings  must  be  of  proper  size. 

10.  Permitting  rope  to  untwist.  This  can  be  avoided  if  the  ends  are  properly  seized. 

11.  Kinking.  Rope  should  not  be  allowed  to  twist  when  slack;  if  a  kink  is  formed, 
must  be  straightened  out  before  it  enters  a  sheave  or  a  strain  is  placed  on  the 
rope. 

12.  Severe  overloads,  reverse  bends,  and  other  excessive  strains. 

13.  Internal  wear  because  of  grit  penetrating  between  strands  and  wires.  Unless 
absolutely  necessary,  ropes  should  not  be  allowed  to  drag  along  the  ground 
or  through  piles  of  material  where  they  are  liable  to  pick  up  grit. 

14.  The  angle  between  the  center  line  of  the  sheave  and  the  rope  as  it  winds  on 
and  off  the  drum  is  called  the  fleet  angle.  Keep  the  fleet  as  low  as  possible, 
(1^2  deg.).  A  large  fleet  angle  may  cause  the  rope  to  spool  loosely  on  the 
drum  or  crowd  itself  until  it  jumps  back  to  the  previous  layer,  and  also  cause 
the  rope  to  rub  against  the  flanges  of  the  sheave  and  thus  produce  undue  wear. 
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The  critical  tread  diameter 
as  follows: 


Table  1 
for  various  constructions  of  steel   rope  may   be   taken 


Minimum 

Construction                                                                  Critical  Recommended 

of  Rope                                                               Tread  Diameter  Tread  Diameter 

6X7      28  d*  42  d 

18X7      24  d  36  d 

6  X  19    20  d  30  d 

6X31    IS  d  22  d 

6X37    12  d  18  d 

8X1°    12  d  18  d 

*  d  =  rope  diameter  in  inches. 


Data 


Rope 
Diameter 
in  Inches 

%    ... 

x  ... 

1  

154   ... 
IX  ... 

x  ... 
y2  ... 

H  ■■■ 

i  

v/4  ... 
154   ... 

2    

54   ••• 
J*   ... 

H  ••■ 

1   

VA  ... 
54  ... 
J4   ... 

H  ••• 
i   

154   ... 

iy2  ... 

2     

y2  ••• 

*4  ••• 
i  

154   ••• 

iy2  ••• 

y2  ... 

i  


on  Various  Types  of  Wire  Rope  Used  with  Maintenance  of 
Way  Work  Equipment 

Strength,  Tons 
Approx.Wt.  Mild  Improved 

Per  Foot,  Cast       Plow       Plow       Plow 

Construction  Pounds        Iron      Steel       Steel       Steel       Steel 

6X7  hemp  centers 


6X 
6X 
6X 
6X 
6X 
6X1° 
6X19 
6X19 
6X19 
6X19 
6X19 
6X19 
8X19 
8X19 
8X19 
8X19 
8X19 
6X37 
6X37 
6X37 
6X37 
6X37 
6X37 
6X37 
18X  7 
18X  7 
18X  7 
18X  7 
18X  7 
6X31 
6X3"! 


0.095 

2.0 

2.15 

2.35 

2.7 

0.38 

3.57 

7.5 

8.2 

9.0 

10.3 

0.84 

7.86 

16.5 

18.1 

19.8 

22.8 

1.50 

13.7 

29.0 

31.9 

34.8 

40.0 

2.50 

21.0 

45.5 

48.7 

53.0 

61.0 

3.38 

29.7 

62.5 

68.7 

75.0 

86.5 

0.10 

0.97 

2.1 

2.3 

2.5 

2.9 

0.40 

3.57 

7.7 

8.5 

9.4 

10.8 

0.90 

7.86 

16.8 

18:7 

20.6 

23.7 

1.60 

13.7 

29.5 

33.0 

36.5 

42.0 

2.50 

21.0 

46.0 

51.0 

56.5 

65.0 

3.60 

29.7 

65.0 

72.5 

80.5 

92.5 

6.40 

51.8 

114.0 

127.0 

140.0 

161.0 

0.09 

1.79 

1.97 

2.15 

2.47 

0.36 

6.8 

7.5 

8.2 

9.5 

0.82 

14.8 

16.3 

17.8 

20.5 

1.45 

26.0 

28.6 

31.2 

35.8 

3.26 

57.5 

63.3 

69.0 

79.5 

0.10 

2.0 

2.2 

2.4 

2.8 

0.37 

7.7 

8.4 

9.2 

10.6 

0.87 

16.4 

18.1 

19.8 

22.8 

1.55 

28.6 

31.5 

34.4 

39.5 

2.42 

44.3 

48.9 

53.5 

61.5 

3.49 

63.5 

70.0 

76.7 

88.2 

6.20 

111.0 

123.0 

135.0 

155.0 

0.43 

7.1 

7.9 

8.7 

10.0 

0.97 

15.6 

17.3 

19.0 

21.9 

1.73 

27.3 

30.5 

33.8 

38.8 

2.70 

42.5 

47.2 

52.3 

60.0 

3.89 

60.0 

67.0 

74.5 

85.5 

0.39 

9.2 

10.6 

1.55 

34.4 

39.5 

For  metallic  center  construction  add  1ZA  percent  to  the  listed  strength. 
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Recommended  Types  for  Maintenance  of  Way  Use 

A  Full  Knowledge  of  all  Operating  Conditions. — The  various  kinds  of  stresses  and 
strains,  and  the  nature  of  the  work  to  be  done  or  handled  should  be  known  to  determine 
the  particular  rope  to  give  the  most  economical  service.  Regular  lay  and  lang  lay  cost 
the  same.  Lang  lay  ropes  are  about  IS  percent  more  flexible  than  regular  lay  ropes. 
Because  of  the  greater  wearing  surface  of  the  wires  in  the  lang  lay  ropes,  less  wear  results 
on  the  sheave  and  drum  equipment.  However,  sheaves  of  very  small  tread  diameter  or 
pinching  grooves  in  sheaves  are  both  detrimental  to  lang  lay  ropes.  Also,  lang  lay  ropes 
will  crush  out  of  shape  more  readily  than  the  regular  lay  ropes  when  wound  on  small 
drums  under  heavy  winding  tension.  As  a  rule  swivels  should  not  be  used  with  lang  lay 
ropes  except  under  conditions  as  individually  recommended  for  particular  equipment. 

Hoisting  Ropes. — For  elevators  of  all  kinds,  coal  hoists,  derricks,  and  similar  equip- 
ment. Six  strands  with  19  wires,  either  flattened  or  round  construction  with  hemp  centers. 
For  unusually  heavy  loads,  metallic  cores  are  best. 

Dirt  Moving  Equipment. — Hoist  lines  6  strands  with  19  wires,  hemp  centers.  If 
drums  are  large,  6  strands  with  7  wires  and  hemp  centers  are  satisfactory.  Drag,  boom, 
and  haul  back  lines — 6  strands  with  19  wires,  hemp  center,  or  6X  12  over  12  over 
wedge-flat  strand — metallic  center,  if  greater  strength  is  needed.  Trip  line — 6  strands 
with  19  wires — hemp  centers. 

Shop  Cranes. — As  a  rule,  the  drums  and  sheaves  are  small,  so  ropes  of  6  strands  of 
37  wires,  hemp  center,  are  preferred. 

Bridge  Cranes. — Six  strands  of  19  wires  with  hemp  center. 

Sash  and  Bell  Cords. — Six  strands  of  7  wires  with  hemp  or  cotton  centers. 

Guy  Ropes. — Galvanized  rope  made  with  7  steel  wires  forming  one  strand. 

Aerial  Tramway  or  Cableway. — Use  locked  coil  type. 

Lubrication 

When  one  realizes  that  in  a  6  X  1°  rope,  there  are  114  wires  and  a  hemp  core  or 
heart,  a  total  of  115  working  parts,  the  necessity  for  lubrication  is  evident.  Crude  oil 
should  not  be  used  for  rope  lubrication  as  it  is  very  apt  to  contain  impurities  that  are 
harmful  to  both  the  core  and  the  steel  wire.  Greases  made  from  a  graphite  base  are 
recommended  for  all  types.  Whenever  possible,  hot  lubricants  should  be  used  and  applied 
when  the  rope  is  under  a  very  light  load  so  as  to  get  the  most  penetrating  effect  possible. 
The  frequency  of  lubricating  must  be  determined  by  judgment  based  on  the  service 
being  performed,  and  often  enough  to  keep  the  rope  pliable  and  with  evidence  of  lubri- 
cation in  the  valleys  between  the  strands.  Ropes  used  on  draglines  which  are  necessarily 
drawn  through  sand  and  dirt  should  be  kept  well  wiped  and  oiled  as  this  coating  of  the 
lubricant  keeps  the  grit  from  penetrating  under  the  strands,  and  extends  the  life  of  the 
rope  more  than  enough  to  offset  any  bad  effect  of  grit  that  may  cling  to  the  lubricant 
on  the  outside  of  the  rope.  When  placed  in  storage  the  rope  should  be  protected  against 
the  possibility  of  rust  and  drying  by  a  protective  coating  of  lubricant  of  a  non-corrosive 
nature. 

Seizing 

To  prevent  ends  unravelling,  seizing  or  binding  the  ends  of  rope  should  be  done 
with  a  small  galvanized  7 -wire  seizing  strand  or  with  low  carbon  annealed  steel  wire. 
The  wire  should  be  about  1/12  to  1/15  the  diameter  of  the  rope,  varying  from  No.  13 
gage  wire  for  y^-in.  rope  to  No.  9  gage  wire  for  1-in.  rope.  The  seizing  wire  is  wound 
tightly  around  the  rope  by  hand,  keeping  the  coils  together.  To  secure  the  bindings  the 
ends  of  the  seizing  wire  are  pulled  taut  with  a  pair  of  pliers  or  Carew  cutters  to  take  up 
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the  slack  and  then  twisted  counter-clockwise  and  the  surplus  cut  off.  Pound  the  twist  flat 
against  the  rope.  Three  bindings  should  be  applied  to  insure  full  protection  of  the  rope 
ends.  Before  cutting  a  rope  it  is  most  important  that  the  seizings  are  placed  on  each 
side  of  where  the  rope  is  to  be  cut. 

Sockets  and  Mandrels 

When  it  is  necessary  to   anchor  an  end  of  a  wire  rope  in  a  hitching  or  holding 
device,  the  following  procedure  should  be  carried  out: 

1.  Properly  seize  the  rope  from  the  end  to  a  point  on  the  rope  beyond  where  the 
rope  will  be  inserted. 

2.  Thread  the  rope  through  the  anchoring  or  holding  device. 

3.  Remove  the  seizing  twists  on  the  portion  of  rope  end  to  be  housed,  referred 
to  as  the  mule  tail. 

4.  Untwist  the  strands  and  cut  out  the  core. 

5.  Unravel  the  wires  and  clean  them  thoroughly.  If  acid  is  used  to  cut  grease, 
follow  by  cleansing  with  boiling  water  containing  a  small  amount  of  soda. 

6.  Use  a  vise  or  clamp  to  hold  the  mandrel  or  socket  in  the  correct  location  on 
the  rope. 

7.  Seal  the  bottom  of  the  device  with  putty  or  clay. 

8.  Make  sure  the  axis  of  the  rope  is  in  proper  alinement  and  pour  in  melted  zinc. 
When  the  zinc  is  solidified,  remove  the  clay  or  putty  seal.  The  zinc  should  be 
worked  at  a  temperature  of  about  830  deg.  F;  a  higher  temperature  will  anneal 
the  wires.  Do  not  use  babbitt  metal  or  lead,  as  the  strength  of  the  fastening 
will  be  less  than  the  rope. 

9.  Wire  rope  clips. — Where  clips  are  applied  to  obtain  maximum  strength  make 
sure  the  proper  size  is  used.  The  U-bolt  and  saddle  grooves  should  fit  snugly 
on  the  rope.  All  clips  should  be  applied  in  the  same  manner,  namely,  the  U-bolts 
over  the  free  end  and  the  saddle  to  that  portion  of  the  rope  carrying  the  load. 
As  a  rule  three  clips  should  be  applied,  and  tightened  to  make  sure  there  is  no 
slipping. 


Report  on  Assignment  10 

Railway  Owned  Automotive  Equipment 

C.  L.  Fero  (chairman,  subcommittee),  N.  W.  Hutchison,  R.  K.  Johnson,  W.  E.  Kropp, 
R.  M.  Leeds,  C.  P.  Nicholson,  J.  L.  Starkie,  Roy  Wade,  F.  F.  Zavatkay. 

This  report  is  submitted  as  information  with  the  recommendation  that  the  subject 
be  continued. 

In  March  1939  a  report  was  presented  which  covered  railway  owned  automotive 
equipment.  This  is  a  second  report  on  this  subject  and  due  to  the  war  the  picture  has 
changed  to  such  an  extent,  and  is  continuing  to  change  almost  daily  on  account  of  many 
new  government  regulations,  that  this  report  must  of  necessity  be  confined  to  methods 
of  maintenance  and  repairs  to  keep  existing  automotive  units  in  service  at  least  for  thr 
duration. 

Replies  to  a  questionnaire  sent  to  representative  railroads  indicates  that  as  a  whole 
only  a  few  roads  have  taken  advantage  of  the  saving,  increased  production,  and  flex- 
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ibility  that  could  be  effected  through  the  use  of  automobile  trucks  and  business  cars. 
However,  a  few  railroads  have  acquired  a  number  of  trucks  and  business  vehicles  and 
on  these  the  problem  of  maintenance  is  naturally  most  acute  under  the  present  circum- 
stances. 

Due  to  the  freezing  of  new  automotive  equipment,  many  railroads  have  been  forced 
to  purchase  second-hand  vehicles  to  replace  trucks  and  cars  worn  out  and  beyond 
economical  repair.  Obviously  the  maintenance  of  this  used  equipment  will  be  a  bigger 
problem  than  if  it  were  possible  to  replace  old  equipment  with  new.  Consequently,  all 
maintenance  officers  responsible  for  the  upkeep  of  this  type  of  equipment  will  be  com- 
pelled to  exercise  their  ingenuity  and  resourcefulness  to  the  utmost. 

The  following  methods  of  maintenance  are  recommended: 

1.  Maintenance  of  Engine 

(a)  Frequent  and  regular  motor  tune-up 

(b)  Frequent  tightening  of  motor  support  bolts 

(c)  Periodic  checkup  of  cooling  system 

2.  Maintenance  of  Chassis 

(a)  Regular  inspection  of  front  end,  including  proper  toe-in,  camber,  caster  and 
kingpin  bearings 

(b)  Periodic  inspection  of  steering  assembly  and  necessary  adjustment 

(c)  Inspection  of  drive  shaft  for  excessive  play 

(d)  Periodic  clutch  adjustments 

(e)  Adjustment  of  differential  end  play 

(f)  Proper  checkup  of  springs  and  shock  absorbers,  if  any 

(g)  Frame  alinement 

(h)  Rotate  tires  every  5,000  miles.  Maintain  proper  tire  inflation  pressure  at  all 

times 
(i)    Proper  inspection  and  adjustment  of  brakes 
(j)    Chassis  lubrication 

3.  Maintenance  of  Body 

(a)  Periodic  painting 

(b)  Periodic  under-frame  washing,  including  engine 

(c)  Prevention  of  over-loading  trucks  to  protect  tires 

(d)  Matching  of  dual  wheels,  i.e.,  having  less  worn  tires  on  outside  duals  and  most 
worn  tires  on  the  inside  duals 

(e)  Proper  time  to  recap  or  regroove  tires 

4.  General  Comments 

The  advisability  of  obtaining  a  dual  purpose  unit  especially  in  maintenance  of  way 
service.  For  example,  dump-stake  type  of  truck 

5.  Reclamation  of  Parts 

From  all  indications  there  will  be  a  scarcity  of  automotive  replacement  parts  in  the 
near  future  because  of  government  regulations  which  will  necessitate  the  reclama- 
tion of  many  old  parts  by  the  following  methods: 

(a)  Arc  welding 

(b)  Gas  welding 

(c)  Building  up  with  bronze,  hard  facing 

(d)  Metal  spraying 
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Conclusion 

Because  of  the  present  high  peak  of  both  freight  and  passenger  traffic,  it  is  of 
extreme  importance  that  all  so-called  "off-track  equipment"  be  maintained  and  kept  in 
operation  throughout  the  duration  of  the  war. 

If,  due  to  neglected  maintenance  of  automotive  equipment  and  inability  to  purchase 
either  new  or  serviceable  second-hand  equipment,  it  becomes  necessary  to  revert  to  the 
old  method  of  maintaining  the  track  structure,  bridges,  buildings,  etc.  by  transporting 
men  and  material  via  work  train,  the  density  of  traffic  under  present  conditions  would 
be  greatly  magnified. 

In  addition,  automotive  equipment,  would  be  indispensable  in  rushing  men,  tools 
and  material  to  points  of  emergency  work  in  the  event  that  the  railroad  right-of-way 
were  damaged  on  account  of  enemy  air  raids,  etc.,  and  it,  therefore,  becomes  the  patriotic 
duty  of  every  railroad  officer,  through  preventive  maintenance,  to  keep  the  automotive 
fleet  in  operation  and  ready  for  instant  service. 


Report  on  Assignment  12 

Weed  Burners  and  Extinguisher  Cars 

Jack  Largent    (chairman,   subcommittee),   Edgar  Bennett,   C.  M.  Angel,   R.   M.   Leeds, 
T.  M.  Pittman,  W.  D.  Rhoads,  R.  R.  Smith,  J.  N.  Todd. 

Your  committee  submits  the  following  report  as  information  with  the  recommenda- 
tion that  the  subject  be  discontinued. 

The  weed  burners  in  service  on  the  various  railroads  are  about  evenly  divided 
between  the  oven  or  enclosed  flame  type,  and  the  open  flame  type.  The  open  flame  type 
is  more  flexible  and  has  a  wider  burning  range  than  the  oven  type  and  is  preferable  on 
track  with  high  ballast  shoulder.  The  oven  type  is  preferable  for  branch  lines  and  track 
with  low  ballast  shoulders.  The  off-track  single  burner  is  the  open  flame  type  either 
mounted  on  wheels  or  on  push  car  with  adjustable  arm  and  can  be  used  to  good  advan- 
tage in  yards,  around  stations  and  through  passing  tracks.  It  has  proved  efficient  and 
can  easily  be  operated  between  rails  or  tracks. 

Practically  all  roads  have  their  own  means  of  extinguishing  fires  behind  weed  burners. 
Some  of  them  use  extinguisher  cars  that  are  self-propelled  or  heavy  duty  motor  cars 
equipped  with  pressure  pumps  which  are  used  for  taking  water  from  borrow  pits,  canals, 
etc.  as  well  as  supplying  pressure  for  putting  out  fires.  Other  roads  use  ordinary  hand 
pumps  or  water  buckets,  or  extinguish  fires  with  shovels.  It  is  recommended  that  each 
weed  burner  be  followed  by  a  self-propelled  water  car,  of  1,000  gal.  capacity,  equipped 
with  a  centrifugal  pressure  pump  and  two-spray  hose,  at  least  25  ft.  long,  to  prevent 
fires  spreading  beyond  the  right-of-way  and  for  extinguishing  burning  ties.  The  water 
cars  should  work  close  behind  the  weed  burner  and  a  gang  equipped  with  hand  pumps 
should  follow  the  water  car,  about  one  hour  later,  to  extinguish  any  remaining  fires. 
It  is  also  recommended  that,  through  orchards,  and  large  pastures,  or  at  other  locations 
where  extreme  care  should  be  exercised,  suitable  fire  guards  be  provided  to  prevent  fires 
spreading.  This  is  particularly  important  during  dry  seasons. 
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Report  on  Assignment   13 

Safety  Devices  for  Work  Equipment 

Collaborating  with  Committee  22 — Economics  of  Railway  Labor, 
and  with  Safety  Section,  AAR 

G.   R.   Westcott    (chairman,   subcommittee),   G.   E.   Boyd,   C.   L.   Fero,   J.   G.   Hartley, 
C.  E.  Morgan,  E.  H.  Ness,  C.  P.  Nicholson,  T.  M.  Pittman. 

This  report  is  offered  as  information  with  the  recommendation  that  the  subject  be 
discontinued. 

The  practice  of  safety  in  the  sense  of  the  avoidance  of  personal  injury  demands 
thought  on  the  part  of  both  the  workman  and  the  supervisory  officer.  This  is  especially 
true  if  the  job  is  an  unfamiliar  one,  the  hazards  of  which  have  not  previously  been  met. 
But  even  on  a  routine  job  and  when  the  workman  has  been  trained  in  habits  of  safety 
thought  is  required  since  lagging  strength,  the  urge  to  complete  the  work  quickly  or 
some  other  consideration  may  suggest  the  taking  of  short  cuts  in  which  hazards  may 
develop  and  an  injury  occur. 

While  it  is  true  that  "a  careful  man  is  the  best  safety  device",  we  must  remember 
that  men  will  not  always  be  careful.  The  thought  required  to  exercise  the  utmost  in  care 
at  all  times  may  through  lack  of  training,  indifference,  or  fatigue  be  lacking  when  most 
needed.  For  this  reason,  it  has  been  found  necessary  to  throw  around  the  workman  such 
protective  devices  of  a  mechanical  nature  as  are  available  in  order  that  these,  together 
with  whatever  careful  thought  the  man  is  capable  of  at  the  moment,  may  save  him 
from  injury  or  death. 

Paralleling  the  greatly  increased  use  of  roadway  machines  in  the  last  decade  there 
has  been  a  continual  stressing  of  the  importance  of  safety.  This  safety  campaign  pre- 
ceded by  a  few  years  the  mechanization  of  maintenance  work  and  it  is  not  possible  to 
determine  from  the  records  just  what  the  effect  of  mechanizing  the  forces  has  had  on 
the  substantial  reduction  of  casualties  that  has  taken  place.  However,  following  the 
principle  as  set  forth  above,  that  so  far  as  possible  the  workman  should  be  given  such 
mechanical  protection  against  injury  as  is  available,  it  is  important  that  the  nature  of 
the  roadway  machines  in  use  be  examined  and  such  hazards  as  may  be  present  in  their 
operation  overcome  to  the  fullest  extent  possible. 

In  general,  the  manufacturers  of  maintenance  machines  have  considered  these  hazards 
and  have  tried  to  furnish  protection  against  them.  There  are  some  conditions  of  use, 
however,  with  which  the  manufacturer  is  unfamiliar  and  it  is  therefore  necessary  that 
railroad  men  familiar  with  these  operations  also  give  consideration  to  possible  hazards 
involved  and  provide  such  additional  protection  as  may  be  needed. 

The  necessary  devices  for  the  safe  operation  of  the  machines  should  be  given  con- 
sideration at  the  time  the  machine  is  purchased.  If  a  machine  offered  is  inadequately 
equipped  such  additional  features  as  may  be  required  should  be  specified  in  purchasing. 
The  presence  or  absence  of  proper  safety  appliances  may  sometimes  be  a  controlling 
factor  in  the  choice  between  two  machines  offered.  Often  the  manufacturer  may  offer 
the  required  device  as  an  extra,  or  if  it  is  not  otherwise  available,  it  may  be  fabricated 
in  the  railroad's  own  shops. 

It  is  important  that  a  safety  device  shall  not  only  be  adequate  to  give  the  required 
protection,  but  also  be  so  strong  as  not  to  be  rendered  ineffective  through  other  strains 
put  upon  it.  For  example,  the  guard  over  a  drive  pulley  and  belt  on  a  tractor  mower 
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need  not  be  very  strong  to  serve  its  primary  purpose  of  preventing  contact  of  the  oper- 
ator or  his  clothes  with  the  moving  parts.  However,  such  a  guard  in  order  to  remain 
effective  must  also  withstand  contact  with  heavy  vegetation  or  rocks  on  the  rough  ground 
over  which  the  machine  is  operated. 

Having  properly  equipped  the  machine,  all  operators  and  others  working  around 
it  must  be  impressed  with  the  thought  that  each  safety  device  is  there  for  the  purpose 
of  protecting  them  against  injury,  and  should  be  instructed  that  the  machine  is  not  to 
be  used  unless  such  device  is  in  place  and  effective.  While  the  pulley  guard  on  the 
mower  referred  to  above  was  removed  from  the  machine  for  strengthening,  a  laborer 
assisting  in  the  operation  of  the  machine  had  his  clothing  caught  by  the  exposed  pulley, 
and  suffered  injuries  that  put  him  in  the  hospital  for  several  days.  This  casualty  would 
have  been  avoided  if  the  guard  had  been  sufficiently  strong,  or  finding  that  it  must  be 
strengthened,  the  operator  or  his  supervisor  had  taken  the  machine  out  of  service  until 
the  required  strengthening  had  been  done. 

Some  of  the  more  common  safety  devices  are  listed  below  under  three  headings. 
Opposite  each  item  under  the  first  two  headings  is  shown  the  general  practice  of  the 
manufacturer  of  the  machine  in  furnishing  that  item.  Following  the  item  is  comment  as 
to  what  your  committee  considers  is  good  practice  in  the  use  of  the  device: 

A.  Safety  Devices  Generally  Required  on  Machines 
1.  On  motor  cars. 

(a)  Safety  rails — furnished. 

(b)  Rail  skids — furnished. 

Avoid  skids  having  a  lower  face  thin  enough  to  drop  into  an  open  rail  joist. 

(c)  Extension  lift  handles — furnished  on  some  cars. 

Extension  lift  handles  should  be  provided  on  all  cars.  They  should  be  ex- 
tensible to  both  front  and  rear  and  should  be  protected  against  shifting  when 
the  car  is  running.  In  lieu  of  extension  lift  handles  on  a  gang  car,  the  frame 
may  be  equipped  with  sockets  into  which  lining  bars  may  be  thrust  per- 
mitting a  large  number  of  men  to  assist  in  lifting  the  car  conveniently  and 
safely. 

(d)  Wheel  guards  or  step  boards — generally  furnished. 

Wheel  guards  or  step  boards  should  be  full  width  of  the  wheel  tread,  and 
should  be  strong  enough  to  support  a  man's  weight. 

(e)  Couplers — draw  head  furnished.  Coupler  link  and  pin  not  furnished. 

The  coupler  should  be  such  that  it  has  adequate  strength,  that  it  will  not 
become  uncoupled  inadvertently,  that  it  can  be  coupled  and  uncoupled 
readily,  and  that  the  coupling  link  cannot  drop  down  to  catch  in  the  track 
when  uncoupled. 

(f)  Differential  axles — optional. 

While  the  differential  axle  is  not  commonly  considered  a  safety  device,  its 
use  contributes  greatly  to  the  safe  operation  of  the  car,  overcoming  as  it 
does  the  hazard  incident  to  the  use  of  unbushed  or  bronze  bushed  loose 
wheels.  Besides  maintaining  correct  gage  on  the  front  axle,  which  cannot  be 
done  with  loose  wheel  construction,  it  also  permits  insulation  of  all  four 
wheels  of  the  car,  avoiding  possible  interference  with  signals  with  resulting 
hazard  to  traffic. 

(g)  Flexible  fuel  lines — sometimes  furnished. 

The  use  of  flexible  fuel  lines  is  growing  in  favor  and  should  be  encouraged, 
especially  where  sliding  base  engines  are  still  used,  and  gasoline  tanks  are  not 
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mounted  on  the  engines.  Copper  tubing  will  fatigue  and  finally  break  under 
constant  vibration, 
(h)  Adequately  guarded  tool  trays — not  furnished. 

The  requirements  vary,  but  generally  cars  as  purchased  do  not  have  tool 
guards  that  offer  real  protection.  If  rules  permit  the  operation  of  the  car 
just  in  the  forward  direction,  only  the  front  end  of  the  car  requires  guards 
of  sufficient  height  to  prevent  the  possibility  of  tools  falling  in  front  of  the 
moving  car.  If  the  rules  permit  backward  movement  of  the  car,  similar 
guards  should  be  applied  at  the  rear.  In  any  case,  there  should  also  be 
guards  on  either  side  of  the  seat  deck  protecting  men  or  tools  on  the  car 
from  contact  with  any  moving  parts  of  the  engine  or  power  transmission. 
Tool  trays  should  be  long  enough  to  receive  the  longest  tools  carried  without 
their  overhanging, 
(i)    Torpedo  and  fusee  boxes — not  furnished. 

The  premature  explosion  of  torpedoes  while  not  common  may  be  serious 
when  it  does  occur.  Boxes  for  the  stowing  of  torpedoes  and  fusees  in  separate 
compartments  should  be  provided,  and  in  no  case  should  the  practice  of 
carrying  torpedoes  or  fusees  in  the  tool  box  or  tool  tray  of  the  car  be  per- 
mitted. If  first  aid  kit  is  furnished  it  can  be  made  a  separate  compartment 
of  the  box. 
(j)   Flag  sockets — not  furnished. 

Each  motor  car  should  be  equipped  with  sockets,  usually  of  scrap  air  hose, 
in  which  flags  may  be  carried.   This  method  of  carrying  flags  makes  them 
readily  available  for  instant  use. 
2.  On  engines  and  machines  generally. 

(a)  Guards  over  pulleys  and  belts  and  fly  wheels — sometimes  furnished. 

(b)  Guards  over  sprockets  and  chains — usually  furnished. 

(c)  Guards  over  gears — usually  furnished. 

(d)  Guards  over  ends  of  revolving  shafts — not  usually  furnished. 

Pulleys  and  belts,  sprockets  and  chains,  gears,  flywheels,  and  ends  of  revolv- 
ing shafts  require  guards  if  exposed  in  such  a  way  that  men  working  with 
or  about  the  machine  would  be  in  danger  of  having  hands,  feet,  or  clothing 
caught  in  the  moving  parts.  Each  machine  is  a  problem  in  itself  and  no 
general  rule  can  be  applied  except  to  err  on  the  side  of  safety. 

(e)  Guards  over  radiator  fans — not  generally  furnished. 

Radiator  cooling  fans  should  be  protected  by  guards  to  prevent  injury  to 
men  working  about  the  engine. 

(f)  Self-starters  on  gasoline  engines — optional. 

Many  injuries  occur  in  the  hand  cranking  of  gasoline  engines,  and  in  the 
case  of  large  engines,  especially,  such  an  injury  may  be  serious.  Large  engines 
should  be  equipped  with  self-starters  and  where  hand  cranking  is  done  on 
smaller  engines,  either  a  non-detachable  crank  or  a  rope  starter  should  be 
used  where  possible.  Starter  ropes  should  be  equipped  with  a  wood  handle 
or  a  knot  in  the  end  to  prevent  slipping;  the  rope  must  not  be  wrapped 
around  the  hand. 

(g)  Lifting  bails — sometimes  furnished. 

Lifting  bails  on  on-track  roadway  machines  are  very  desirable,  especially 
when  the  machines  operate  in  conjunction  with  a  crane  capable  of  lifting 
them  off  and  on  the  track.  Bails  on  off-track  machines  are  also  desirable  in 
some  cases. 
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B.  Devices  Desirable  Because  of  Peculiar  Location, 
Character  of  Machine  or  Service,  or  Legal  Requirements 

1.  On  motor  cars. 

(a)  Electric  lights — furnished  as  extra. 

(b)  Warning  devices — furnished  as  extra. 

(c)  Rail  sweeps — furnished  as  extra. 

In  certain  localities  or  for  certain  service  these  may  be  required. 

(d)  Devices  for  carrying  special  tools  or  equipment — not  furnished. 

Such  devices  are  usually  of  local  interest  and  should  be  provided  when 
required. 

2.  On  special  machines. 

(a)  Warning  devices  on  on-track  cranes — furnished.  < 

On-track  cranes  should  always  be  provided  with  a  horn,  gong,  siren,  or 
whistle  with  which  warning  can  be  given  the  gang  of  any  unexpected  move. 

(b)  Capacity  chart  for  crane — generally  furnished. 

Each  crane  should  be  equipped  with  a  chart  showing  its  lifting  capacity  at 
various  radii. 

(c)  Weather  guards  over  hoist  drum  brake  bands  and  gears  of  cranes — sometimes 
furnished. 

Unless  protected  by  the  cab,  hoist  drum  brake  bands  and  gears  should  have 
guards  to  protect  them  from  rain  and  snow. 

(d)  Flexible  grease  lines  to  propulsion  mechanism  on  cranes — not  generally  fur- 
nished. 

For  the  lubrication  of  propulsion  mechanism  of  cranes,  flexible  grease  lines 
to  the  side  of  these  machines  are  desirable.  These  will  make  it  unnecessary 
for  the  operator  to  get  under  the  machine,  reducing  the  hazard  of  personal 
injuries.  Collateral  benefits  will  be  the  probability  of  more  regular  lubrication. 

(e)  Swing  lock  on  cranes — not  generally  furnished. 

All  swinging  boom  machines  should  have  a  positive  swing  lock  operated 
from  the  cab. 

(f)  Sill  steps  and  side  hand  holds  on  cranes — not  furnished. 

Sill  steps  and  side  hand  holds  should  be  provided  on  all  locomotive  cranes, 
so  located  that  these,  together  with  vertical  hand  holds  on  the  cab  adjacent 
to  the  doors,  will  enable  men  to  enter  the  cab  safely. 

(g)  Safety  tongs  with  rail  cranes — furnished  as  extra. 

In  handling  rail,  tongs  inadequate  in  strength,  without  extension  loop  handles, 
or  of  such  design  that  they  will  slip  have  caused  many  accidents  and  injuries. 
Dependable  anti-slip  tongs  with  extension  handles  are  available  and  should 
be  used. 

(h)  Chip  guards  on  adzing  machines — furnished. 

These  are  essential  for  safety  of  men  working  about  the  machine. 

(i)    Guards  over  grinding  wheels — furnished. 

All  grinders  should  be  equipped  with  wheel  guards  meeting  the  requirements 
of  the  American  Standards  Association  Safety  Code  for  the  Use,  Care,  and 
Protection  of  Abrasive  Wheels. 

(j)   Guards  on  circular  saws — furnished. 

On  power  hand  saws  the  telescoping  type  of  guard  is  to  be  preferred.  It  is 
as  effective  in  preventing  contact  of  the  workman  with  the  saw  as  the  gate 
type  and  can  be  used  where  the  hanging  gate  would  interfere  with  the  work. 
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(k)  Device  for  securing  cutter  bar  in  carrying  position  on  track  or  tractor  mowers 
when  traveling — usually  furnished. 

While  such  a  device  is  commonly   provided  it  is  not  always  adequate  and 
additional  protection  may  be  needed. 

C.  Devices  To  Be  Used  with  Roadway  Machines 
Rather  than  Being  Applied  to  the  Machines 

1.  Safety  cans  for  gasoline.  The  hazard  of  fire  is  always  present  in  the  operation  of 
roadway  machines  and  the  use  of  patented  safety  cans  and  filler  openings  is  standard  on 
some  railroads.  On  other  roads  safe  operation  is  secured  by  the  use  of  funnels  of  proper 
size  and  design,  and  of  cans  that  do  not  leak  and  that  have  spouts  of  such  design  as  will 
prevent  splashing.  It  is  desirable  that  cans  for  storing  and  handling  gasoline  be  painted 
red  as  a  warning  of  the  inflammable  nature  of  the  contents. 

Note:  While  not  strictly  pertinent  to  the  subject  of  this  report,  the  following  com- 
ments on  the  safe  handling  of  gasoline  are  considered  by  your  committee  to  be  of  such 
general  interest  and  importance  as  to  warrant  their  inclusion  here. 

(a)  Static  electricity  is  generated  by  the  rubbing  together  of  substances  that  are 
in  themselves  non-conductors,  or  by  friction  between  a  non-conductor  and  a 
conductor. 

(b)  Static  pressure  may  be  developed  at  any  time  but  is  more  likely  to  occur 
when  the  atmosphere  is  clear  and  dry  than  when  moist. 

(c)  As  gasoline  is  a  poor  conductor  and  chamois  skin  a  non-conductor,  the  passage 
of  gasoline  through  the  chamois  may  develop  a  static  charge  of  sufficient  intensity 
to  flash  across  a  considerable  space,  and  in  the  presence  of  gasoline  fumes,  to 
cause  an  explosion.  The  practice  of  straining  gasoline  through  chamois  skin  is 
therefore  to  be  considered  hazardous. 

(d)  The  flowing  or  agitation  of  gasoline  alone  may  also  develop  a  static  charge 
which  may  accumulate  in  any  metallic  container,  such  as  the  filling  can,  the  funnel, 
or  the  tank  being  filled.  It  is  therefore  essential  that  such  measures  be  taken  as 
are  necessary  to  relieve,  without  the  transmission  of  a  spark,  any  difference  in 
potential  between  any  two  of  the  containers. 

2.  Fire  extinguishers  on  weed  burners.  Each  weed  burner  in  use  should  have  two 
2/4 -gal.  foam-type  fire  extinguishers  as  protection  for  the  machine  rather  than  as  direct 
prevention  of  personal  injury. 

3.  Respirators.  These  should  be  used  where  required. 

4.  Shin  guards  for  adzer  operators.  All  adzer  operators  should  wear  shin  guards  to 
protect  them  from  flying  objects. 

5.  Safety  shoes.  The  use  of  safety  shoes  should  be  encouraged. 

6.  Goggles.  Where  eye  injuries  are  possible,  the  importance  of  wearing  goggles  of 
suitable  type  is  not  to  be  overlooked.  All  goggles  should  be  properly  fitted  and  well 
ventilated,  the  lenses  kept  clean  at  all  times,  and  should  conform  to  the  requirements  of 
the  National  Safety  Code  for  the  Protection  of  the  Heads  and  Eyes  of  Industrial  Work- 
ers. Lenses  for  welding  must  be  of  correct  color. 

7.  Gloves  for  arc  welders.  To  prevent  burns,  all  arc  welders  should  wear  suitable 
gloves. 

8.  Location  shields  for  arc  welding.  Where  necessary,  shields  stenciled  "Danger — Do 
not  look  at  the  arc"  should  be  provided  to  protect  the  eyes  of  passers-by.  These  may 
serve  also  as  wind  shields  where  necessary. 


Maintenance    of    Wa\    Work    Equipment 269 

9.  Police  whistles.  For  warning  members  of  a  gang  of  the  approach  of  a  train  the 
police  whistle  has  proved  very  effective.  Where  used  it  should  be  considered  a  symbol  of 
responsibility,  and  the  man  in  whose  possession  it  is,  whether  foreman  or  other  desig- 
nated person,  should  be  instructed  that  so  long  as  it  is  in  his  possession,  he  is  responsible 
for  keeping  the  lookout  and  giving  the  warning. 

Conclusions 

1.  In  order  to  provide  protection  against  personal  injuries,  the  training  of  employees 
in  safe  practices  should  be  supplemented  by  the  use  of  suitable  protective  devices. 

2.  It  is  important  that  when  a  machine  is  purchased,  the  question  of  devices  neces- 
sary to  insure  its  safe  operation  be  considered  and  if  all  such  devices  are  not  furnished 
with  it,  they  should  be  provided.  Similar  consideration  should  be  given  to  machines 
already  in  service. 

3.  Operators  of  machines  and  others  working  around  machines  should  be  trained  to 
understand  the  purpose  of  each  safety  device  and  how  it  functions;  and  should  be 
instructed  that  if  these  appliances  are  not  in  place  or  are  ineffective  for  any  reason,  the 
machine  should  be  taken  out  of  service  until  the  devices  are  replaced  or  made  effective. 
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J.  G.  Brennan,  Chairman, 

F.  D.  Batchellor 
H.  D.  Blake 

H.  E.  Brink 
A.  P.  Button 
A.  R.  Dewees 

G.  N.  Edmondson 
C.  F.  Edwards 

P.  W.  Elmore 
H.  L.  Engelhardt 
A.  S.  Haigh 
J.  P.  Hallihan 
H.  A.  Hampton 


W.  J.  Hedley 
Warren  Henry 
CD.  Horton 
J.  A.  Johnson 
Maro  Johnson 
R.  B.  Kittredge 
A.  E.  Korsell 
Fred  Lavis 
E.  E.  Mayo 
G.  P.  Palmer 
VV.  C.  Pinschmidt 
T.  M.  Pittman 
L.  J.  Riegler 


Bernard  Blum, 

Vice -Chairman, 
Frank  Ringer 
D.  K.  Roll 
L.  S.  Rose 
H.  M.  Shepard 
C.  K.  Smith 
H.  F.  Smith 

W.    C.    SWARTOUT 

C.  A.  Taylor 
V.  R.  Walling 
R.  E.  Warden 

Committee 


To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 
1.  Revision  of  Manual. 

Progress  report — including  recommended  revisions 


page  271 


2.  Design  and  specifications  for  highway  crossings  at  grade  over  railway  tracks, 
both  steam  and  electric,  collaborating  with  Committee  1 — Roadway  and 
Ballast,  and  with  American  Society  of  Municipal  Engineers,  and  American 
Transit  Association. 

No  report. 

3.  Comparative  merits  of  various  types  of  grade  crossing  protection,  collaborat- 
ing with  Committee  10 — Signals  and  Interlocking,  Signal  Section,  AAR,  and 
Highway  Research  Board. 

No  report. 

4.  Requisites  for  location,  number  and  arrangement  of  automatic  signals,  auto- 
matic gates  and  auxiliary  signs  for  rail-highway  grade  crossing  protection. 
No  report. 

5.  Method  of  classifying  grade  crossings  with  respect  to  hazard. 
No  report. 

6.  Report  requisites  for  flexible  barrier  type  of  grade  crossing  protection,  col- 
laborating with  Signal  Section,  AAR. 

No  report. 

The  Committee  on  Highways, 

J.  G.  Brennan,  Chairman. 
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Highways 271 

Report  on  Assignment  1 

Revision  of  Manual 

A.  S.  Haigh  (chairman,  subcommittee),  Bernard  Blum,  H.  E.  Brink,  A.  P.  Button, 
P.  W.  Elmore,  H.  A.  Hampton,  C.  D.  Horton,  Maro  Johnson,  R.  B.  Kittredge, 
A.  E.  Korsell,  E.  E.  Mayo,  G.  P.  Palmer,  W.  C.  Pinschmidt,  T.  M.  Pittman,  L.  J. 
Riegler,  Frank  Ringer,  L.  S.  Rose,  H.  M.  Shepard,  C.  K.  Smith,  C.  A.  Taylor, 
V.  R.  Walling. 

Your  committee  recommends  that  the  following  changes  be  made  in  the  Manual: 

That  Fig.  932,  page  9-46.1,  Striping  of  Highway  Crossing  Gate  Arms,  be  eliminated 
and  AAR  Signal  Section  drawing  No.  1491B,  Crossing  Gate  Arm,  be  substituted. 

This  changes  the  striping  from  12  in.,  measured  along  the  edge  of  the  gate  arm, 
to  16  in.,  gives  measurements  for  the  maximum  length  of  single  bearing  and  double 
bearing  gate  arms,  and  provides  for  cross  bracing  for  lengths  of  24  ft.  to  38  ft. 

(Signal  Section  drawing  No.  1491B  appears  on  p.  272.) 
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Report  of  Committee  22 — Economics  of  Railway  Labor 

H.  A.  Cassil,  Chairman,         F.  L.  Guy  L.  L.  Adams,  Vice-Chairman, 

Lem  Adams  C.  C.  Haire  W.  G.  Powrie 

C.  W.  Baldridge  J.  G.  Hartley  A.  G.  Reese 

E.  T.  Barrett  W.  H.  Hillis  E.  F.  Salisbury 

E.  J.  Bayer  E.  T.  Howson  R.  L.  Schmid 

F.  J.  Bishop  H.  E.  Kirby  F.  S.  Schwinn 
J.  C.  Bradley  D.  A.  Kuebler  H.  E.  Smith 
W.  H.  Brameld  J.  B.  Martin  H.  M.  Stout 
H.  G.  Carter  J.  S.  McBride  W.  H.  Vance 

J.  I.  Catherman  E.  H.  McIlheran  E.  C.  Vandenburgh 

A.  B.  Chaney  W.  H.  Miesse  J.  C.  Wallace 

Armstrong  Chinn  G.  M.  O'Rourke  Edward  Wise,  Jr. 

C.  M.  Chumley  F.  R.  Paisley  C.  R.  Wright 

C.  G.  Grove  T.  P.  Polson  Committee 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 
No  report. 

2.  Analysis  of  operations  of  railways  that  have  made  marked  progress  in  the  reduction 
of  labor  required  in  maintenance  of  way  work. 

Progress  report — submitted  as  information  page  274 

3.  Labor  economies  to  be  secured  by  providing  section  gangs  with  labor  saving 
machines  and  the  minimum  size  of  gang  to  be  so  equipped. 

Final  report — submitted  as  information  page  284 

4.  Labor  economies  resulting  from  building  up  and  reconditioning  frogs  and  switches 
in  track,  rather  than  at  some  central  point. 

Final  report — submitted  as  information   page  286 

5.  Economical  location  of  section  gang  headquarters  with  respect  to  assigned  territory. 
Final  report — submitted  as  information   page  287 

6.  Labor  economies  of  system  versus  division  rail  laying  gangs. 
No  report. 

7.  The  relative  economy  in  labor  for  maintaining  ballast  deck  versus  open  deck  bridges 
and  trestles  and  approaches  thereto. 

No  report. 

8.  Labor  economies  derived  from  continuous  welded  rail  in  special  locations. 
No  report. 

9.  Progress  made  in  stabilization  in  maintenance  of  way  and  structural  labor  during  the 
summer  and  winter  periods  to  not  only  effect  economy  in  labor  cost,  but  also  increase 
efficiency  in  and  amount  of  work  done. 

Final  report — submitted  as  information   page  288 
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10.  Economics    attached    to    maximum    utilization    of    roadway    machines    and    work 
equipment. 

Final  report — submitted  as  information  page  291 

11.  Means  of  increasing  labor  supply  for  maintenance  of  way  work  for  the  duration  of 
the  war  to  overcome  acute  shortages. 

Progress  report — submitted  as  information   page  292 

The  Committee  on  Economics  of  Railway  Labor, 

H.  A.  Cassil,  Chairman. 


Report  on  Assignment  2 

Analysis  of  Operations  of  Railways  That  Have  Made  Marked 

Progress  in  the  Reduction  of  Labor  Required  in 

Maintenance  of  Way  Work 

C.  C.  Haire  (chairman,  subcommittee),  F.  J.  Bishop,  W.  H.  Brameld,  E.  T.  Howson, 
H.  E.  Kirby,  J.  S.  McBride,  E.  H.  Mcllheran,  E.  F.  Salisbury,  R.  L.  Schmid,  H.  M. 
Stout,  W.  H.  Vance. 

This  is  a  progress  report,  presented  as  information. 

The  Illinois  Central  System  is  one  of  the  railroads  which  have  made  progress  in 
the  reduction  of  labor  requirements  during  the  last  15  years.  Accordingly,  your  com- 
mittee presents  the  following  analysis  of  the  economies  effected  on  that  railroad. 

Causal  Connections  and  Measurements 

The  factors  which  have  brought  about  this  reduction  are: 

1.  Physical  improvement  of  roadbed  and  track,  such  as: 

(a)  Better  drainage  of  the  roadbed 

(b)  Improved  treatment  of  ties 

(c)  Heavier   rail  and  track   material   where   indicated  by   study   of   resulting 
economies 

(d)  Better  type  without  excess  quantities  of  ballast  resulting  from  a  study  of 
ballast  behavior  under  varying  conditions 

2.  Better  organization  of  the  maintenance  forces  as  reflected  in  a  reduction  of  the 
number  of  divisions  and  sections  as  shown  below: 

Average  Average  Total  Average 

Equated  Miles  Number            Number 

Period                                                      Maintained  Divisions           Sections 

1927-1929    9,199  19                    1,258 

1941    8,761  10                       686 

3.  The  mechanization  of  operations  that  formerly  were  either  accomplished  by 
maintenance  of  way  hand  labor  or  were  not  undertaken 

Definite  statement  of  the  specific  effect  of  physical  improvement  and  of  organiza- 
tion on  the  maintenance  costs  is  quite  difficult.  That  these  items  have  had  their  effect  is 
conceded  by  all.  It  is  almost  as  difficult  to  earmark  the  savings  due  to  the  adoption  of 
modern  roadway  machines.  All  of  these  factors  have  had  their  effect  in  conjunction  with 


Economics   of   Railway    Labor 


275 


©  c 

S3 

II 

C     01 


.3      ^8 


o 

a.  o< 

^   i 

fS    s 

3    CN£ 

*>  r~  « 

o  o  a 

a>  v.  > 

li.    o  < 

OO          S 

3-HNH 

^ 

a 

a,  o  •< 

^ 

^S 

HI    » 
a)     1    3 

t-  a  t- 

"~^ 

^8-3 

t<   o 

a,  *<  o 

CM        O 

8     Si 

-tf 

w 

E-"  <         < 

t-   CM 

S3  • 

^ 

CO.-' 

Bo- 

w 

ca's* 

oO  •> 

*»  a  o 

6..C  -p 

OH    • 

^ 

* 

i 

^J 

H 

i    &! 


OO  O  UN.C 
nOnQ  cnQ< 


sO  CO  O  CO  OA  QOr-IOO 

(M>HO(0  8  ^sOUMA 

r-|UNC0CM-*  fH-JOCMt^ 

ON,  l>-  (■•**  CO  c*N  O^'Of^C^ 

CM  H  W  rH  r-i  i-l 


CO  UN-JO.H 
cAO  oScO  CM 
UNt*-CM  C*-CM 

aTc^c^'c^ccT 


O  CM  • 

S3' 


r\HN(>^         O  -4  CO  UN  UN 

lA-JiAHQ         UNCMOCM-i 
-3  CM  CM  CM  CM         OJCNtMCMCM 


r  r-i  t-K  O  UNnQ   ON  C 


o  co  o  co  o 

CNrH   WN^  CM 
CM  ON  CM  CM   CM 


CO  <t  OiH  , 
CO  UN  O  O  r 
CO  CO  -^^O  * 


CM  un>o  0*0 


vO  ^£>  -J  ( 

no  CM  C^  UN 
CM   CM  CM  rH  rH 


O  C--  n-\f-(  un 

O  rH  rH  O   -* 
-J  oTcM  CM*  CM 


O  O  O  «0  UN 
O  UN  CN  ON  CO 

ON*rH*iH  i-Tc\f 


vO   ON  UN  CM  ON         O  UN  C*N 
r-O  UNvO   O 


*—         CM  CM  rH  CM  rH 


>«0  *0  ON-^  CM 

-^r  co  r-  co  o 

CM  CM  CM  CM  CM 


c^r--*  op 


Si 


3J* 

*,' 

«    L 

S8 

8  g 

2S 


o  r-J  is  o  c-j 

OJ  CM  o*  r-  o 

0"\  p-  C\  -tf  IA 

r-  c\j  -J  ir\  t-- 

CM 

o 

«H 

>o 
o^ 

-* 

CO 

o 

rH 

CO 

ON 
CO 

"3  o 

a  u- 

~v  to 

2.8 

c,  c 
°c 

S.3 

3   e 

+3   CO 

to 

C\iH  rH  rH  rH 

sO  c-  -*  c^\o 

■-I  rw  in  rH  f-i 

C^HOoOO* 

489       122 
819       103 
750       95 

001      100 
508       70 

333        53 
117        32 
S14        31 
774        35 
185       37- 

274     a 

956      40 
679      34 
353      37 

924      39 

O  "\  P~>  wn  r~- 
Cn  C\i  CV  (Ni  rH 

O  H  OTH  O 

O  O  CO  o  o 

O   O  UN  CO   -* 
i-(  ONPNCM  CO 

81 

♦J  o 
C    K 

u  a 

>0  (>t^fV>} 

t- c~c-  to  « 

ON  C-  ON.  ON  CM 

co  r>- co  co  co 

513 

o  o 

CM.     I 


5"3 
I   T3 

Cst    0J 


C3     81 


H  >H  MH         HrtriH 


276 


Economics    of    Railway   Labor 


Track  Maintenance  Requirements 
As   Measured  by   Traffic  Density 


Jear. 


Gross  Ton 

Miles 
in  Thousands 


Equated 
l.liles  of 
Track 
Maintained 


Traffic 

Density 

in  Thousands 


Per  Cent  of 
1927-29 
Ave rape 


JUL 


J2L 


J2L 


AO. 


(5) 


1926 
1927 
1928 
1929 
1930 

68,985,789 
69,916,794 
69,216,494 
70,183,099 
61,451,819 

9,023 
9,099 
9,254 
9,243 
9,229 

7,646 
7,684 
7,480 
7,593 
6,659 

100.8 
101.3 

98.6 
100.1 

87.8 

1931 
1932 
1933 
1934 
1935 

51,635,327 
41,081,103 
39,457,763 
42,717,737 
45,571,966 

9,196 
9,193 
9,152 
9,093 
9,060 

5,615 
4,469 
4,311 
4,698 
5,030 

74.0 
58.9 
56.8 
61.9 
66.3 

1936 
1937 
1938 
1939 
1940 

50,527,073 
50,288,160 
45,634,321 
47,343,403 
49,522,372 

9,020 
8,953 
8,922 
8,886 
8,848 

5,602 
5,617 
5,115 
5,328 
5,597 

73.8 
74.0 
67.4 
70.2 
73.8 

19a 

58,346,699 

8,761 

6,660 

87.8 

Source :  Col, 

,   (2)  -  Contains  gri 

»s  ton  miles  of  cars 

,   contents  and  lc 

comotivet 

Col.   (3) 


both  passenger  and  freight  trains,  weighted  in  accordance 
with  AREA  Manual,  p.  21-12,  namely: 

Passenger  Car  G.T.M.  ■  1.00  Passenger  Locomotive  G.T.M.  ■  3.00 
Freight    "    ■     1.00  Freight      "       "    •  2.00 

From  ICC  Bureau  of  Statistics,  Operating  Statistios  Statement, 
series  ending  200,  except  1941  compiled  from  annual  reports. 


Col.  (4)  -  Col.  (2)  divided  by  Col.  (3). 


each  other.  A  correct  analysis  would  determine  the  weight  of  each  in  the  total  saving 
during  the  same  period.  Statistical  methods  are  available  for  this  purpose,  but  data  in 
the  required  form  are  lacking,  as  the  requirements  of  the  Interstate  Commerce  Commis- 
sion do  not  give  a  sufficient  segregation  or  breakdown,  and  the  carriers  have  not  here- 
tofore considered  such  records  necessary.  Until  an  adequate  system  of  properly  audited 
cost  accounting  is  installed,  the  carriers  must  forego  the  benefit  of  such  analyses. 

The  Variables,  Methods  and  General  Results 

However,  it  is  possible  to  make  some  statement  of  the  over-all  results  obtained  and 
to  show  how  the  picture  has  changed  during  the  past  15  years.  The  available  basic  data 
are  shown  in  4  tables: 

Table  1. — Man-hours 

Table  2.— Traffic 

Table  3. — Track  Material  Renewals 

Table  4. — Mechanization 


It  is  evident  that  Tables  2  and  3  contain  data  on  traffic  density  and  track  material 
replacements  which  have  direct  causal  connections  with  man-hour  changes,  i.e.,  an  in- 
crease in  the  traffic  or  replacements  will  normally  cause  an  increase  in  man-hours. 
Table  4  contains  data  which,  along  with  the  intangibles  mentioned  in  the  first  factor 
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have  inverse  causal  connections  with  man-hour  changes,  i.e.,  an  increase  in  the  former 
will  normally  cause  a  decrease  in  the  latter. 

Man-hours  in  Table  1  are  straight  time  of  section  and  extra  gang  laborers  and 
foremen  from  Schedule  561  of  the  annual  reports  to  the  ICC.  Notwithstanding  the  fact 
that  overtime  is  not  included,  the  totals  are  about  ten  percent  higher  than  the  totals  of 
all  time  worked  by  all  employees  (including  welders  and  machine  operators)  on  roadway 
and  track  maintenance  since  figures  reported  to  the  Commission  include  time  of  main- 
tenance employees  not  engaged  in  track  and  roadway  maintenance  work.  However, 
figures  are  not  available  for  roadway  and  track  maintenance  only,  as  far  back  as  1926, 
and  it  is  probable  that  for  the  type  of  analysis  attempted  (percentages  related  to  the  aver- 
age of  1927-1929  as  a  base)  the  errors  introduced  are  small.  These  man-hours  have  been 
split  between  time  on  roadway  maintenance  (Account  202)  and  track  maintenance 
(Account  220)  by  percentages  from  the  charges  in  these  accounts  since  in  any  one  year 
the  price  level  balances  out.  Columns  10  and  12  show  that  man-hours  in  roadway  main- 
tenance were  reduced  in  1941  to  about  one-fourth  of  the  1927-1929  level,  while  in  track 
maintenance  they  were  about  one-half  of  the  1927-1929  amount.  The  problem  now  is 
to  show  how  traffic,  replacements  and  mechanization  behaved  while  this  reduction  was 
under  way. 

Table  2  indicates  that  the  1941  requirements  for  ordinary  track  maintenance  such 
as  lining  and  surfacing  as  measured  by  traffic  density  (1,000  equated  gross  ton-miles  of 
freight  and  passenger  equipment  per  equated  mile  of  track  maintained)  were  about  88 
percent  of  the  1927-1929  level. 

Table  3  indicates  that  replacements  of  track  material  in  1941  based  on  the  1927- 
1929  averages  were  as  follows: 

Percent 

Ties  94 

Rails 88 

Ballast    79 

Average    90 

Table  4  shows  both  the  extensive  and  intensive  use  of  roadway  machines  in  1941 
as  compared  with  the  base  period.  It  is  interesting  to  note  that  only  in  the  last  two  or 
three  years  have  machines  been  used  for  roadway  maintenance  to  a  greater  extent  than 
in  1927-1929,  while  their  use  for  track  maintenance  has  increased  steadily.  However,  it 
should  also  be  noted  that  more  efficient  types  of  roadway  machines  are  now  in  use. 
For  example,  ditching  machines  have  been  largely  replaced  by  modern  dragline  outfits. 
In  summary,  Table  4  indicates: 

1941  Percentage 
Increase  Over 
1927-1929  Base 
Item  Period 

Number  of  roadway  machines    - 300 

Number  of  machine-days  of  use 

In  roadway  maintenance  '. 126 

In  track  maintenance  846 

In  both    472 

Number  of  weighted  machine-days  of  use 

In  roadway  maintenance  51 

In  track  maintenance  1,573 

In  both    225 

It  is  recognized  that  a  one  or  two-tool  tie  tamper,  for  example,  cannot  be  given 
equal  weight  with  a  modern  ballaster  where  a  mass  result  is  desired.  Consequently,  the 
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machine-days  have  been  weighted  by  the  approximate  number  of  men  required  to  do 
the  same  work  without  the  machines,  and  the  weighted  figures  are  of  much  more  sig- 
nificance in  an  analysis  of  progress  in  the  reduction  of  necessary  labor. 

The  results  shown  in  these  four  tables  have  been  graphically  presented  in  Chart  I. 
If  we  consider  the  spread  from  the  lows  of  1932-1933  to  1941,  the  following  results  are 
indicated: 

Increase 
Spread  In  (Percentages) 

Mechanization    268 

Replacement  of  track  material 60 

Maintenance  requirements  as  measured  by  traffic  density 30 

Man-hours   12 

Man-hours  have  increased,  but  the  increase  has  not  kept  pace  with  the  demands 
for  maintenance  as  measured  by  actual  track  repairs  and  use  of  the  tracks.  The  use  of 
labor  saving  devices,  no  doubt,  largely  accounts  for  the  low  increase  in  labor  requirements 
from  the  absolute  lows  of  the  depression  depth. 

Of  course,  no  conclusions  can  be  drawn  definitely  from  these  or  any  other  figures 
without  consideration  of  the  maintenance  standard  and  the  amount  of  deferred  main- 
tenance, if  any.  This  question  is,  however,  too  far  afield.  The  fact  remains  that  the 
experience  of  the  Illinois  Central  shows  that  for  1941,  compared  with  1927-1929,  88 
percent  of  the  use  and  90  percent  of  the  replacements  required  only  SO  percent  of  the 
labor.  Such  experiences  show  progress  to  date  in  labor  requirements. 

The  Effect  of  Mechanization  on  Man-Hours 

The  effect  of  mechanization  of  roadway  and  track  maintenance  operations  can  be 
seen  on  Charts  II  and  III.  Chart  II  has  been  constructed  by  dividing  the  percentages 
showing  the  relationship  to  1927-1929  base  period  for  both  man-hours  of  track  work 
and  weighted  machine-days  of  roadway  machines  used  in  track  maintenance  by  the  sim- 
ilar percentages  for  traffic  density.  Traffic  density  has  thus  been  put  on  a  common  or 
equal  basis  for  all  years  and  is  thus  eliminated  so  far  as  comparison  between  man-hours 
and  mechanization  is  concerned  for  any  given  year.  The  results  show  a  definite  down- 
ward trend  of  man-hours  from  1926  to  1932  and  a  much  slower  downward  trend  sub- 
sequent to  1932.  On  the  other  hand,  mechanization  shows  a  continued  increase  at  an 
accelerated  rate.  It  is  probable  that  the  Illinois  Central  has  hovered  around  an  absolute 
minimum  of  man-hours  required  to  maintain  the  track  properly  since  1932,  and  that 
without  the  increase  in  mechanization  the  man-hours  would  have  shown  an  increase  on 
this  chart  considerably  greater  than  the  moderate  absolute  (not  on  a  per  unit  of  traffic 
density  basis)  increase  indicated  on  Chart  I. 

Chart  III  shows  the  same  information  as  Chart  II  except  that  the  common  or  equal 
basis  is  a  per  composite  unit  of  track  material  replacement. 

Conclusion 

This  analysis  of  the  Illinois  Central  maintenance  of  way  work  indicates  the  econ- 
omies in  labor  that  may  be  accomplished  by  increased  mechanization  of  labor  forces  and 
increased  intensity  of  use  of  roadway  machinery. 
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Report  on  Assignment  3 

Labor  Economies  To  Be  Secured  by  Providing  Section  Gangs  with 

Labor  Saving  Machines  and  the  Minimum  Size  of  Gang 

To  Be  so  Equipped 

F.  J.  Bishop  (chairman,  subcommittee),  E.  T.  Barrett,  E.  J.  Bayer,  H.  G.  Carter,  F.  L. 
Guy,  C.  C.  Haire,  W.  H.  Hillis,  W.  G.  Powrie,  F.  S.  Schwinn,  C.  R.  Wright. 

This  subject  was  assigned  to  your  subcommittee  in  1941,  and  the  following  informa- 
tion, which  is  submitted  as  information,  was  obtained  from  the  railroads  represented 
on  the  committee. 

Our  country  is  now  in  the  greatest  war  of  its  history.  Men  for  the  armed  services 
take  precedence  over  all  other  requirements  and  the  man  power  available  for  maintenance 
forces  is  diminishing  at  an  ever  increasing  rate,  and  we  are  frequently  warned  that  the 
situation  will  continue.  More  work  must  be  performed  with  less  men,  and  mechanical 
labor  saving  devices  of  demonstrated  merit  must  be  considered  for  every  maintenance 
task.  Each  power  tool  and  labor  saving  device  should  be  used  with  increased  intensity. 
Lost  operating  time  of  tools  must  be  cut  to  a  minimum. 

The  decrease  in  available  labor,  war  demands  on  equipment,  and  increased  traffic 
are  placing  additional  responsibility  and  more  work  on  section  crews.  To  augment 
the  amount  of  work  done  by  these  crews,  it  is  important  that  consideration  be  given 
to  assigning  labor  saving  devices  to  such  crews  wherever  practical. 

An  analysis  of  all  information  received  to  date,  which  information  probably  reflects 
the  practices  throughout  the  country  because  of  the  mileage  of  roads  covered,  indicates 
that  the  equipping  of  regular  section  gangs  with  power  tools  has  not  progressed  to  any 
considerable  extent  because  of  the  necessarily  high  investment  in  such  devices  and  the 
difficulty  of  obtaining  a  sufficient  number  of  days  work  during  the  year  from  each  tool 
to  justify  its  purchase.  Mechanical  devices  have,  therefore,  been  assigned  generally  to 
extra  or  specialized  gangs. 

Information  received  by  your  subcommittee  definitely  indicates  a  trend,  however, 
on  some  roads  toward  assigning  certain  mechanical  tools  to  regular  section  crews — this 
assignment  of  such  tools  varying  with  the  amount  and  character  of  work  required  of 
the  crews. 

The  following  labor  saving  devices  have  been  assigned  to  section  crews  by  the  roads 
reporting: 

1.  Spot  tampers 

(a)  Unit  type  gas  driven 

(b)  Pneumatic — two  and  four-tool 

(c)  Electric — two  and  four-tool 

2.  Track  liners 

3.  Small  power  mowing  machines 

4.  Pressure  oil  spray  cans  for  oiling  track  fastenings  in  track  and  in  stock 

5.  Rail  pullers 

6.  Oxygen—acetylene  outfits  in  terminals 

7.  Power  drills — terminals 
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8.  Tie  spacers 

9.  Tie  nippers 

10.  Tie  saws 

11.  Tie  pullers 

Where  the  use  of  certain  units  on  one  section  could  not  be  justified,  some  roads 
have  assigned  units  to  be  used  on  two  or  more  sections.  Small  inexpensive  labor  saving 
devices  such  as  track  liners,  tie  spacers  and  oil  spray  cans  have  been  used  quite  univer- 
sally by  the  roads  reporting.  It  is  only  recently  that  the  mechanical  unit  tamper,  the 
small  off-track  two  and  four-tool  pneumatic  and  electric  units  and  the  small  power 
mower  have  been  developed  and  used  by  section  crews  to  any  appreciable  extent.  There 
is  an  indication  that  as  the  units  are  tried  on  various  roads  and  found  satisfactory, 
more  are  being  purchased  and  assigned  to  section  crews  if  the  crews  have  sufficient  work 
to  justify  such  assignment.  In  addition  to  the  above  units,  some  roads  are  assigning 
oxygen-acetylene  outfits,  power  drills  and  rail  pullers  to  terminal  section  crews. 

Tie  spacers,  nippers,  saws  and  other  tools  have  been  used  with  satisfactory  results 
on  some  roads.  The  committee's  information  does  not  indicate,  however,  that  any  of 
these  tools  have  been  assigned  to  section  crews  to  any  great  extent. 

Few  roads  have  made  any  time  studies  showing  the  savings  to  be  effected  by  the 
use  of  these  devices.  Most  of  the  roads  reporting  state  that  try-outs  are  made  of  one 
or  two  of  the  units  and  if  favorable  reports  on  labor  savings  are  received  from  the 
supervisors,  additional  units  are  purchased  and  assigned  as  the  finances  of  the  company 
will  permit  and  as  maintenance  requirements  dictate. 

The  savings  indicated  for  each  device  may  be  summarized  as  follows: 

Spot  tampers. — Some  roads  report  that  these  units  effect  no  marked  savings  in  the 
cost  per  unit  of  work  but  that  the  quality  of  the  work  is  such  that  it  will  last  twice  as 
long  and  make  possible  a  longer  period  between  general  surfacings.  Other  roads  report 
that  each  tamper  unit  will  save  from  $300  to  $600  per  year  in  labor,  these  larger  savings, 
of  course,  being  realized  by  more  intensive  use  of  the  equipment. 

Track  liners. — These  inexpensive  units  will  decrease  the  number  of  men  required  to 
do  a  lining  job  about  50  percent. 

Small  power-operated  mowing  machines. — These  will  do  as  much  work  as  6  to  12 
men  with  hand  scythes. 

Pressure  oil  spray  cans. — One  man  can  oil  500  to  600  joints  per  day  as  compared 
with  about  100  per  man  per  day  with  brushes. 

No  reliable  information  on  labor  savings  for  the  other  tools  mentioned  above  has 
been  made  available  to  the  committee. 

The  size  of  the  crews  to  which  each  labor  saving  device  is  assigned  varies  consider- 
ably, depending  upon  the  nature  and  extent  of  the  work  to  be  done.  Some  roads  are 
using  four-tool  tamping  outfits  in  five  and  six-man  gangs.  Others  are  using  these  units 
in  a  ten-man  gang.  Small  power  mowing  machines,  oil  spray  cans  and  rail  pullers  are 
usually  moved  over  several  sections.  Track  liners  have  proved  economical  in  two  and 
three-man  gangs.  In  larger  gangs  one  liner  is  usually  assigned  for  each  two  men.  Other 
tools  are  assigned  as  conditions  require. 

Conclusions 

Many  labor  saving  devices  will  effect  economies  that  justify  their  assignment  to 
section  crews  and  the  present  labor  shortage  makes  the  consideration  of  such  assignment 
important.  Intensive  use  of  such  devices  will  yield  large  savings  in  labor. 
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Report  on  Assignment  4 

Labor  Economies  Resulting  from  Building  Up  and  Reconditioning 

Frogs  and  Switches  in  Track,  Rather  Than  at 

Some  Central  Point 

VV.  H.  Vance  (chairman,  subcommittee),  Lem  Adams,  F.  J.  Bishop,  W.  H.  Brameld, 
J.  I.  Catherman,  J.  G.  Hartley,  W.  H.  Hillis,  J.  B.  Martin,  J.  S.  McBride,  E.  H. 
Mcllheran,  F.  R.  Paisley,  A.  G.  Reese,  E.  F.  Salisbury,  H.  E.  Smith,  Edward  Wise,  Jr. 

This  is  a  final  report,  submitted  as  information. 

Your  committee  received  valuable  information  from  22  representative  railroads 
throughout  the  United  States  and  Canada  which  operate  a  combined  mileage  of  approxi- 
mately 134,000  miles. 

Unit  costs  of  reconditioning,  either  in  the  field  or  at  a  central  point,  present  little 
variation  for  switch  points,  but  a  considerable  variation  for  frogs. 

A  study  of  data  submitted  shows  that  this  variation  in  cost  of  reconditioning  frogs 
is  due  to  many  factors,  among  which  are: 

Size  (number  and  length)  of  frogs. 

Weight  of  rail  of  which  constructed. 

Spring,  rigid,  and  self-guarded  frogs. 

Ordinary  rail,  rail  bound  manganese  and  solid  manganese  construction. 

Amount  and  character  of  wear. 

Condition  of  bolts,  rivets,  wings,  plates  and  other  parts. 

Depth  of  grinding  to  secure  good  parent  metal  before  welding. 

After  studying  in  detail  the  reports  received,  and  considering  that  in  the  final  anal- 
ysis the  cost  of  both  labor  and  material  required  to  repair  a  switch  point  or  frog  prop- 
erly is  governed  by  the  condition  of  that  particular  switch  point  or  frog,  and  that  this 
condition  is  not  uniform,  your  committee  decided  that  cost  figures  in  dollars  and  cents 
would  prove  of  little  value  under  prevailing  war  conditions  and  might  be  misleading. 

Although  not  unanimous,  some  of  the  reports  received  showed  that  in  general 
greater  economy  results  from  reconditioning  frogs  and  switches  in  the  track  for  the 
following  reasons: 

When  frog  wear  is  comparatively  slight,  better  riding  conditions  can  be  maintained 
and  at  much  less  cost. 

When  frogs  are  left  in  track  until  sent  to  a  central  point,  their  condition  is  too 
often  allowed  to  get  very  bad  before  they  are  released,  and  upon  arrival  at  the  shop 
they  must  be  scrapped  in  too  many  instances. 

Labor  cost  of  removing,  trucking  and  loading  in  the  field,  as  well  as  unloading, 
trucking  and  installing  either  frogs  or  switch  points  is  eliminated. 

A  frog  built  up  in  track  remains  firmly  seated  on  the  switch  ties,  eliminating  the 
necessity  for  adzing. 

The  ends  of  the  frogs  or  switch  points  fit  the  rails  to  which  they  connect,  or  if 
batter  exists,  the  welder  immediately  builds  them  up  to  a  true  surface. 

Field  repairs  lessen  the  number  of  replacement  switches,  frogs  and  repair  parts  that 
it  is  necessary  to  carry  in  both  division  and  store  stocks. 

Field  repairs  help  to  lengthen  the  life  of  turnouts  so  that  it  is  equal  to  that  of 
the  rail. 
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In  building  up  switch  points,  reports  reflect  that  on  primary,  high  speed  lines,  and 
on  lines  of  dense  traffic,  and  on  busy  yard  leads,  economy  may  dictate  replacement,  even 
though  it  becomes  necessary  to  replace  stock  rail. 

On  secondary  lines,  and  wherever  operating  conditions  permit,  it  is  decidedly  eco- 
nomical to  recondition  the  point  in  track,  as  it  is  practicable  to  build  it  up  to  the  stock 
rail,  thereby  fitting  its  condition  in  track. 

Conclusion 

1.  Frogs  and  switches  should  be  reconditioned  either  in  track  or  at  a  central  point, 
depending  on  circumstances.  Each  case  must  be  considered  separately. 

2.  There  is  a  marked  saving  in  man-hours  and  in  material  stock  when  frogs  are 
built  up  in  track,  except: 

(a)  When  rail  bound  manganese  frogs  and  crossing  frogs  have  wing  and  point 
surfaces  worn  l/z  in.  or  more,  or  have  any  portion  of  the  manganese  casting  broken 
out  that  requires  deep  grinding  of  the  casting  to  secure  good,  parent  metal  before 
welding,  or  any  portion  of  the  rail  bound  construction  is  worn,  defective  or  bent, 
or  the  surface  of  the  casting  evidences  crushed  or  depressed  metal. 

(b)  When  frogs  have  plates  or  other  parts  badly  bent,  are  badly  worn  and  have 
loose  bolts  and  rivets,  broken  wings,  or  require  major  repairs  or  complete  overhauling. 

(c)  When  the  frequency  or  density  of  traffic  interferes  to  the  extent  that  Vz  to  Yz 
of  the  man-hours  are  lost,  and  when  travel  time  is  excessive. 

3.  Regardless  of  any  labor  economies  involved,  in  the  light  of  present  war  condi- 
tions, frogs  and  switches  should  be  reconditioned  to  conserve  critical  materials,  and  the 
reconditioning  should  be  done  in  the  field  where  feasible  to  avoid  the  necessity  of  using 
cars  for  the  purpose  of  shipping  to  a  central  point  and  returning  to  the  point  of  use. 


Report  on  Assignment  5 

Economical  Location  of  Section  Gang  Headquarters  with 
Respect  to  Assigned  Territory 

J.  B.  Martin  (chairman,  subcommittee),  C.  W.  Baldridge,  E.  J.  Bayer,  W.  H.  Brameld, 
A.  B.  Chaney,  Armstrong  Chinn,  H.  E.  Kirby,  F.  R.  Paisley,  A.  G.  Reese,  R.  L. 
Schmid,  J.  C.  Wallace. 

This  is  a  final  report  presented  as  information. 

The  first  consideration  in  establishing  section  headquarters  is  to  fix  the  location  so 
the  maximum  amount  of  time  of  the  gang  can  be  applied  to  constructive  work,  and  a 
minimum  amount  of  time  is  consumed  in  traveling  to  and  from  the  job.  The  applica- 
tion of  this  principle  will  be  influenced  by  local  conditions. 

Where  the  gang  is  assigned  a  fixed  portion  of  the  line  on  which  to  perform  the 
ordinary  maintenance  work,  the  headquarters  should  be  located  as  near  the  center  as 
possible  in  order  to  reduce  the  traveling  to  a  minimum. 

On  roads  where  it  is  the  major  duty  of  the  section  gang  to  patrol  a  specified  por- 
tion of  the  line  and  make  minor  repairs  it  is  the  practice  to  locate  the  headquarters 
at  one  end  of  the  section. 
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The  selection  of  locations  may  be  modified  by  local  conditions,  such  as  the  con- 
venience of  homes  or  housing  facilities  for  the  men,  or  the  existence  of  interlocking  plants, 
yards  or  other  facilities  that  require  special  attention. 

It  is  desirable  to  have  the  headquarters  located  near  mail  and  wire  communications 
offices.  Where  this  cannot  be  accomplished,  a  railroad  telephone  should  be  installed  in 
the  foreman's  home. 


Report  on  Assignment  9 

Progress  Made  in  Stabilization  in  Maintenance  of  Way  and 
Structures  Labor  During  the  Summer  and  Winter  Periods 

To  Not  Only  Effect  Economy  in  Labor  Cost,  but  Also  Increase  Efficiency 
in  and  Amount  of  Work  Done 

J.  S.  McBride  (chairman,  subcommittee),  C.  W.  Baldridge,  H.  G.  Carter,  J.  I.  Cather- 
man,  Armstrong  Chinn,  C.  M.  Chumley,  C.  G.  Grove,  F.  L.  Guy,  E.  T.  Howson, 
G.  M.  O'Rourke,  F.  R.  Paisley,  T.  P.  Poison,  W.  H.  Vance,  E.  C.  Vandenburgh. 

This  is  a  final  report  submitted  as  information. 

Your  committee  received  reports  on  the  stabilization  of  maintenance  of  way  and 
structures  labor  from  47  roads  traversing  all  48  of  the  United  States  and  all  9  provinces 
of  Canada,  so  the  information  presents  a  fair  cross  section  of  the  progress  made  in  this 
field.  The  information  received  may  be  summarized  as  follows: 

No.  of  Roads 

Maintenance  of  way  and  structures  forces  stabilized  14 

Part  of  force  stabilized  12 

Forces  stabilized  on  a  seasonal  basis  2 

Forces  not  stabilized 19 

47 

The  14  roads  that  have  stabilized  employment  traverse  all  of  the  southern  and 
southwestern  states  and  the  states  of  Illinois,  Indiana,  Kansas,  Missouri,  Ohio,  Pennsyl- 
vania and  West  Virginia.  Of  these,  four  southern  roads  have  stabilized  forces  for  many 
years;  the  other  10  roads  have  observed  this  policy  for  periods  up  to  IS  years.  One 
southwestern  and  one  southern  road  with  lines  in  northern  territory  state  they  move 
their  forces  south  for  the  winter  months.  Another  southwestern  road  says  that  while  it 
stabilizes  forces  for  normal  maintenance  it  is  not  able  to  do  this  for  extraordinary 
maintenance  since  this  depends  upon  financial  conditions  and  ability  to  obtain  material. 

According  to  the  reports,  the  roads  do  all  kinds  of  work  throughout  the  year  in 
southern  states,  but  in  northern  states  winter  work  is  confined  to  laying  rail,  distributing 
ties,  cleaning  ditches,  pipes  and  stream  beds,  widening  fills,  sloping  cuts,  scaling  rock  cuts, 
building  fences,  cutting  right-of-way  and  similar  work  that  was  formerly  done  only  in 
the  summer  months. 

One  road  operating  in  states  bordering  on  each  side  of  the  Mason  and  Dixon  line 
has  carried  stabilization  so  far  as  to  confine  the  variation  in  the  size  of  its  forces  to 
10  percent,  compared  with  a  former  variation  of  as  much  as  35  percent. 

One  northern  road  with  lines  in  western  Pennsylvania  and  northeastern  Ohio  made 
studies  of  the  variations  in  temperature  for  a  number  of  years,  plotting  minimum  tem- 
peratures from  November  to  March  at  three  points  on  its  line,  namely,  the  south  end, 
middle  and  north  end.  The  report  on  this  feature  is  as  follows: 
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We  found  that  a  study  of  these  charts  with  our  supervisory  forces  showed  very 
clearly  that  we  were  unduly  apprehensive  about  the  winter  periods.  In  other 
words  the  tendency  is  to  remember  the  real  cold  days  and  to  forget,  at  least  on 
a  line  located  such  as  ours,  that  these  cold  days  are  really  exceptional  and  that 
the  average  temperature  does  not  vary  a  great  deal  either  side  of  32  deg.  F.  Our 
experience  shows  pretty  clearly  that  there  are  a  great  many  maintenance  operations 
that  can  be  carried  on  during  the  winter  period  without  serious  risk  or  drop  in 
efficiency.  Of  course  there  are  from  time  to  time  certain  days  when  weather  is  so 
unfavorable  that  work  is  suspended,  and  our  men  do  not  object  to  laying  off  on 
such  days. 


This  road,  in  winter  months,  is  now  laying  all  new  rail,  distributing  new  maintenance 
ties,  carrying  on  a  rather  extensive  program  of  drainage  improvements,  cleaning  out 
culverts  and  opening  up  waterways  each  side  of  the  culverts,  sloping  cuts,  widening 
fills,  ditching,  cutting  weeds  and  cleaning  right-of-way,  which  tasks  were  formerly 
confined  to  the  summer  season. 

Of  the  12  roads  reporting  progress  in  stabilization,  one  maintains  uniform  forces 
on  25  percent  of  its  line,  and  while  the  other  11  roads  have  stabilized  certain  forces,  no 
2  stabilize  exactly  the  same  force.  Therefore,  for  a  clear  picture,  the  practice  of  each 
road  is  shown  in  the  following  tabulation: 


Road 
No.  Operates  in 

1  California,  Nevada  and  Utah 

2  Michigan,  Indiana,  Ohio  and 
Ontario 

3  Illinois,  Wisconsin,  Michigan,  Min- 
nesota, North  Dakota,  South 
Dakota  and  Montana 

4  Illinois  and  Indiana 


5  Illinois  and  Indiana 

6  New  York,  Connecticut,  Rhode 
Island  and  Massachusetts 

7  Indiana 

8  Nebraska,  Kansas,  Colorado,  Mis- 
souri, Illinois,  Oklahoma  and 
Louisiana 

9  Missouri,  Kansas,  Oklahoma, 
Arkansas,  Texas  and  Louisiana 

10  Connecticut,  Illinois,  Maine,  Mich- 
igan, Minnesota,  New  Hampshire, 
New  York,  Vermont  and  Nine 
Provinces  of  Canada 

11  Colorado,  Utah  and  New  Mexico 

12  Wisconsin,  Minnesota,  North 
Dakota,  Montana,  Idaho,  Wash- 
ington and  Oregon 


Stabilized 
All    forces    on    25    percent    of    line    not 
affected  by  extreme  cold,  snow  and  ice 

Bridge,  building,  water  service,  signal  and 
paint  forces 

Bridge,  building,  welder  and  paint  forces 


Signal,  bridge  and  building  forces,  except 
for  paint  gangs 

Bridge  and  water  service  forces,  except 
paint  gangs 

Bridge  and  building  forces,  except  masonry 
and  concrete  gangs 

Structural  forces 

System  bridge,  construction,  signal  and 
rail-laying  forces,  move  to  southern  ter- 
ritory in  winter 

System  bridge  and  paint  gangs  move  to 
south  in  winter 

Steel  bridge  forces 


Off-track  machine  force  such  as  draglines 
and  tractor  bulldozers 

Off-track  grading  equipment  forces 
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These  12  roads  operate  in  all  9  provinces  of  Canada  and  31  of  the  48  states,  repre- 
senting all  sections  of  the  country.  Most  of  their  forces  have  been  stabilized  in  the  past 
10  years,  although  others  have  been  stabilized  up  to  20  years. 

On  road  No.  10  steel  bridge  forces  paint  and  repair  bridges  in  summer  but  confine 
their  winter  work  to  the  erection  and  repair  of  the  steel  structures. 

The  off-track  equipment  force  of  road  No.  11  works  in  high  altitudes  in  the  sum- 
mer season  and  moves  to  lower  altitudes  for  portions  of  the  winter  season.  During  the 
dead  of  winter,  operators  of  off-track  equipment  assist  shop  mechanics  in  repairing  their 
machines  for  next  season's  work. 

Road  No.  12  moves  its  off-track  grading  equipment  in  winter  to  less  arid  regions 
west  of  the  Cascade  mountains  where  ground  rarely  freezes. 

Roads  that  stabilize  paint  forces  program  their  work  so  that  most  of  the  inside 
jobs  are  done  in  winter. 

The  two  roads  with  seasonal  stabilization  explain  that  they  set  up  one  level  of 
employment  for  the  summer  season  and  a  lower  level  for  the  winter  months.  One  of 
these  is  a  New  England  road  and  the  other  is  an  Illinois  line. 

The  19  roads  that  have  not  adopted  stabilization  have  lines  in  8  of  the  9  provinces 
of  Canada  and  in  40  of  the  48  states.  The  8  states  not  reached  by  these  roads  are  Con- 
necticut, Delaware,  Florida,  Georgia,  Maryland,  New  Hampshire,  North  Carolina,  Rhode 
Island  and  Virginia.  Although  several  of  these  roads  have  parts  of  their  lines  in  the 
southern  and  southwestern  states,  they  have  not  stabilized  any  of  their  forces. 

One  western  road  states  that  in  the  northern  half  of  the  country  track  work  cannot 
be  done  economically  or  to  advantage  in  winter  months,  and  contends  that  it  is  not 
possible  to  ignore  the  matter  of  revenue;  employment  must  be  curtailed  when  earnings 
are  low. 

A  road  in  the  Northwest  advises  it  has  given  considerable  thought  to  stabilization 
of  maintenance  of  way  and  structures  forces  but  always  arrives  at  the  same  conclusion, 
that  in  that  part  of  the  country  only  a  minimum  force  can  be  usefully  employed  during 
the  winter  months. 

According  to  the  reply  received  from  a  railroad  with  lines  in  Illinois,  ways  and 
means  could  be  found  for  the  effective  use  of  a  uniform  force  the  year  round  if  con- 
tinuous employment  should  prove  necessary,  and  that  the  farther  north  the  road  is 
located  the  more  difficult  the  problem  would  become. 

One  road  in  Pennsylvania,  New  Jersey  and  Delaware  is  now  giving  consideration  to 
stabilizing  its  force. 

The  war  has  had  its  effects  on  the  stabilization  of  forces.  Some  roads  state  that  the 
induction  of  men  into  armed  service,  higher  wages  paid  in  war  industries,  and  the 
shortage  of  man  power  and  material  created  by  the  war  conditions  make  stabilizing 
difficult  if  not  impossible.  However,  most  of  the  roads  feel  that  the  war  conditions 
emphasize  the  need  and  desirability  of  maintaining  continuous  employment,  pointing 
out  that  railroad  labor  laid  off  now  will  not  be  available  when  needed  later.  A  few  of 
the  roads  advise  that  most  of  the  war  conditions  have  less  effect  on  a  uniform  force 
than  on  a  fluctuating  one,  although  stabilization  in  itself  will  not  prevent  some  labor 
from  being  lured  away  by  higher  wages  in  other  industries. 

Several  roads  state  that  it  is  going  to  be  necessary  to  provide  uniform  forces  not 
only  to  take  care  of  constantly  increasing  traffic  but  also  to  distribute  the  work  through- 
out the  year  because  it  will  be  impossible  to  recruit  a  force  large  enough  to  complete 
the  program  in  the  normal  working  season.  Some  of  the  roads  north  of  the  Ohio  river 
are  planning  to  keep  all  their  track  forces  throughout  the  winter  in  order  to  have  them 
available  next  season. 
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No  data  are  available  as  to  the  savings  made  in  labor  by  the  stabilization  of  main- 
tenance of  way  and  structures  labor,  but  railroads  that  have  provided  continuous 
employment  are  satisfied  with  the  results,  although  many  of  these  roads  report  that 
under  present  conditions  it  is  not  a  question  of  economy  but  of  providing  a  sufficient 
force  to  maintain  the  property  in  a  condition  to  handle  the  increased  traffic. 

Conclusions 

1.  Progress  has  been  made  in  the  stabilization  of  forces  during  the  past  20  years. 

2.  Stabilization  of  track  forces  has  been  confined  mostly  to  the  southern  and  south- 
western states  although  a  few  roads  in  the  northern  states  have  also  stabilized  their 
track  forces. 

3.  Forces  other  than  track  forces  have,  with  variations,  been  stabilized  in  all  sections 
of  the  United  States  and  Canada. 

4.  Conditions  created  by  the  war  have  made  stabilization  of  forces  more  difficult 
but  tend  to  emphasize  the  need  and  desirability  of  stabilization. 

5.  War  conditions  in  many  parts  of  the  country  may  make  some  degree  of  stabiliza- 
tion necessary  to  retain  a  sufficient  maintenance  force  irrespective  of  the  question  of 
economy. 


Report  on  Assignment  10 

Economies  Attached  to  Maximum  Utilization  of  Roadway 
Machines  and  Work  Equipment 

E.  J.  Bayer  (chairman,  subcommittee),  L.  L.  Adams,  Armstrong  Chinn,  C.  M.  Chumley, 
C.  C.  Haire,  E.  T.  Howson,  J.  B.  Martin,  W.  H.  Miesse,  T.  P.  Poison,  A.  G.  Reese, 
F.  S.  Schwinn,  H.  E.  Smith,  H.  M.  Stout,  C.  R.  Wright. 

This  is  a  final  report  presented  as  information. 
This  subject  is  naturally  divided  into  three  parts: 

1.  Measures  which  will  secure  maximum  utilization 

2.  Economies  effected  by  double  shifting 

3.  Multiplicity  of  use  of  equipment 

Maximum  utilization  is  secured  only  through  careful  planning  of  the  season's  work 
and  close  supervision  by  both  system  and  division  officers.  It  is  the  system  officer's 
responsibility  to  assign  the  equipment  to  the  division  most  needing  it  and  maintain  a 
continuous  check  on  the  performance.  It  is  the  division  officer's  responsibility  to  see 
that  the  equipment  is  used  at  the  locations  where  it  is  most  needed,  that  it  is  used  as 
continuously  as  possible  *and  that  the  necessary  inspection  is  provided  to  guard  against 
breakdowns. 

The  principal  gain  in  double  shifting  lies  in  doubling  the  amount  of  work  with 
equipment  available  at  a  time  when  it  is  difficult  to  procure,  with  a  corresponding 
saving  in  labor.  Another  economy  effected  would  be  a  reduction  in  the  capital  charges 
and  insurance  per  unit  of  work  performed. 

Following  is  a  partial  list  of  multiplicity  of  use: 

Tractor  Mowers. — By  removing  the  cutter  bar,  may  be  used  to  haul  trucks  for 
handling  material  in  shops.  By  adding  an  "A"  frame  and  chain  blocks,  for  lifting  engines 
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and  castings  in  motor  and  small  roadway  machine  shops.  By  adding  a  snow  blade,  for 
cleaning  station  platforms  and  sidewalks.  By  attaching  a  light  plow  share,  for  plowing 
fire  guards. 

Bulldozers. — Grading,  shifting  track,  and  snow  removal  in  terminals. 

Elevator  Graders. — Grading,  loading  stored  coal,  ditching  and  snow  removal  in 
terminals. 

Trucks. — Attaching  snow  plow  for  clearing  driveways  in  terminals. 

Diesel  Caterpillar  Shovel. — Ditching,  widening  cuts,  digging  out  heaved  track,  load- 
ing ballast  or  stored  coal,  clearing  snow. 

Ballast  Scarifiers. — Extending  wings  with  scrap  rail  for  use  as  plows  and  drag 
scrapers  for  cleaning  cuts. 

Diesel  Caterpillar  Drag  Line. — Ditching,  restoring  fills,  channel  changes,  loading 
ballast,  handling  rail  and  other  heavy  materials,  driving  piling. 

Unit  Tampers. — Loosening  frozen  cinders  in  cars,  ice  accumulations  in  tunnels  and 
cleaning  flangeways  in  street  crossings,  breaking  cribs  between  ties  preparatory  to  bal- 
lasting, breaking  concrete  platforms,  walks,  etc. 

Electric  Tampers. — Power  plant  for  providing  electric  light  illumination  for  work 
at  night  or  in  tunnels. 

Weed  Burners. — Melting  snow  and  ice  from  retarders  and  switches  in  large  terminals. 

Jordan  Spreaders. — With  straight  wing  for  clearing  the  line  and  yards  of  snow. 

Conclusion 

Economies  possible  through  the  maximum  utilization  of  roadway  machines  and 
work  equipment  may  be  realized  by  double  shifting  and  by  using  them  for  purposes 
other  than  those  for  which  they  were  designed. 


Report  on  Assignment  11 

Means  of  Increasing  Labor  Supply  for  Maintenance  of  Way  Work 
for  the  Duration  of  the  War  to  Overcome  Acute  Shortages 

E.  T.  Howson  (chairman,  subcommittee),  Lem  Adams,  C.  M.  Chumley,  C.  G.  Grove, 
J.  S.  McBride,  W.  G.  Powrie,  E.  C.  Vandenburgh. 

This  report  is  submitted  as  information. 

A  shortage  of  labor  of  the  classes  employed  in  railway  maintenance  has  been  devel- 
oping since  the  early  months  of  1942,  and  this  condition  is  rapidly  becoming  more  acute. 
Reports  as  of  October  1,  from  chief  engineers  and  engineers  maintenance  of  way  of  37 
roads  having  a  total  line  mileage  of  213,179  miles  reaching  into  every  section  of  the 
United  States  and  Canada  show  that  there  is  already  a  universal,  and  in  some  sections, 
critical,  shortage  of  extra-gang  track  labor,  but  that  the  situation  with  respect  to  other 
categories  varies  rather  widely  as  yet  in  different  sections  of  the  two  countries. 

In  considering  the  report  that  follows,  it  should  be  borne  in  mind  that  the  whole 
situation  is  in  a  state  of  flux  with  rapid  and  disturbing  changes  occurring  almost  con- 
stantly, and  that  it  may  be  quite  different  with  respect  to  both  the  supply  available  and 
the  means  that  are  being  adopted  to  overcome  the  shortage  by  the  time  this  report  is 
presented. 

With  few  exceptions,  the  roads  along  the  Pacific  coast,  the  Atlantic  seaboard,  and 
some  portions  of  the  Gulf  coast  are  suffering  from  shortages  in  all  classes  of  labor,  but 
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are  feeling  the  pinch  more  particularly  in  their  track  forces,  the  deficiency  in  track,  labor 
ranging  from  6  to  40  percent.  As  in  other  sections  of  the  country,  the  difficulty  of  main- 
taining adequate  forces  is  more  pronounced  in  the  vicinity  of  the  larger  cities  and  in 
areas  surrounding  war  industries,  particularly  ordnance  and  shipbuilding  plants.  Gener- 
ally, the  roads  in  the  South  and  in  the  southeastern  states,  except  along  the  Atlantic 
seaboard,  are  experiencing  less  trouble  in  obtaining  track  labor  than  elsewhere;  in  fact, 
several  of  them  reported  that  no  problem  had  yet  arisen  concerning  track  labor  except 
in  the  vicinity  of  war  industries. 

Conditions  in  the  South  and  Southeast 

On  the  other  hand,  in  the  southern  and  southeastern  territories,  some  roads  are 
suffering  severe  shortages  of  skilled  labor,  including  bridge  and  building  carpenters, 
structural  steel  workers,  welders,  operators  for  power  machines,  especially  for  cranes, 
water  service  repairmen,  signal  maintainers  and  all  other  classes  of  mechanics.  With  only 
one  or  two  exceptions  those  roads  that  have  been  able  to  keep  their  gangs  filled  reported 
a  high  rate  of  turnover,  especially  among  bridge  men.  The  situation  is  similar  along  the 
Pacific  coast;  in  fact,  shortages  in  all  categories  of  skilled  labor  were  reported  to  be 
affecting  the  entire  area  west  of  the  Rocky  mountains,  but  growing  more  acute  toward 
the  coast.  Shortages  in  bridge  and  building  men,  water  service  repairmen,  signal  main- 
tainers and  similar  classifications  range  up  to  30  percent,  with  welders  almost  unob- 
tainable. 

In  the  Great  Lakes  region  and  in  the  Middle  West  the  situation  is  somewhat  more 
favorable  except  for  extra-gang  labor,  although  severe  shortages  in  some  classes,  prin- 
cipally signal  labor  and  welders,  were  reported.  While  most  of  the  roads  in  these  areas 
reported  that  little  trouble  has  yet  been  experienced  in  keeping  the  section  gangs  filled, 
except  in  the  vicinity  of  cities  and  war  industries,  several  roads  reported  critical  shortages 
in  section  labor.  Practically  every  road  in  these  areas  reported  some  shortages  in  skilled 
labor,  but  with  one  or  two  exceptions  this  has  not  yet  become  serious,  although  in  some 
cases  it  has  been  necessary  to  employ  men  with  insufficient  experience  to  make  satisfac- 
tory workmen.  There  is  a  definite  shortage  of  signal  maintainers  and  of  experienced 
welders,  although  a  number  of  roads  have  filled  vacancies  by  promoting  qualified  welders' 
helpers. 

Another  category  in  which  there  is  a  widespread  shortage  is  that  of  operators  for 
power  machines.  Crane  operators  especially  have  found  ready  employment  with  con- 
tractors engaged  in  defense  projects  and  have  later  transferred  to  war  plants  where  the 
wages  are  more  attractive  than  those  offered  by  the  railways.  Many  other  machine  oper- 
ators have  left  railway  service  because  their  employment  is  seasonal  and  for  the  time 
being  they  can  obtain  steady  employment  at  better  wages  in  war  industries. 

In  Canada  the  railways  are  short  of  labor  in  all  categories,  including  both  skilled 
and  unskilled  classifications,  and  in  the  engineering  forces.  However,  in  the  eastern 
regions  there  is  no  shortage  of  section  labor,  but  there  is  of  welders  and  signalmen.  In 
the  West  the  situation  is  reversed  because  track  labor  is  scarce,  while  there  is,  as  yet,  an 
ample  supply  of  bridge,  building  and  signal  labor,  and  of  welders. 

Labor  Reserves  Dwindling 

From  the  information  regarding  the  labor  situation  received  by  the  committee,  it 
is  obvious  that  in  many  sections  there  are  no  longer  reserves  of  labor  from  which  the 
railways  can  continue  to  draw,  either  to  augment  their  forces  or  to  replace  those  that 
leave  to  enter  the  armed  forces  or  to  engage  in  war  work.  While  there  are  still  some 
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reserves  remaining  in  other  sections,  even  here  some  classes  have  already  been  exhausted 
or  lack  the  experience  that  will  qualify  them  for  positions  requiring  skill.  Most  of  the 
younger  men  above  21  years  of  age  have  been  inducted  into  military  service,  and  in 
many  instances  those  that  have  not  are  unfit  for  work  requiring  considerable  physical 
effort  or  calling  for  mental  alertness.  It  is  becoming  increasingly  necessary,  therefore,  to 
recruit  men  for  maintenance  work  that  are  of  much  greater  age  than  has  heretofore 
been  the  practice. 

Additional  Forces  Required 

The  study  made  by  the  committee  indicates  that  to  a  considerable  extent  the 
shortage  that  now  exists  in  skilled  labor  and,  in  some  instances  in  the  regular  section 
forces,  is  not  caused  so  much  by  men  leaving  railway  service  as  it  is  by  the  need  for 
additional  forces  to  carry  out  the  larger  maintenance  programs  that  have  been  necessi- 
tated by  the  amazing  increase  in  traffic  which  the  railways  are  now  handling.  It  is  true 
that  a  large  number  of  young  men  have  entered  military  service  through  the  draft  or  by 
enlistment  and  that  others  who  had  not  worked  long  enough  to  establish  much  seniority 
have  shifted  to  industrial  employment.  On  the  other  hand,  information  comes  from  all 
sections  of  the  country  that  the  older  men  who  have  established  seniority  and  have 
acquired  important  prescriptive  rights  under  the  railway  pension  system  generally  are 
not  being  attracted  by  the  higher  wages  offered  by  industry,  which  they  regard  as  more 
or  less  temporary,  but  are  remaining  in  railway  service.  Obviously,  however,  some  of 
these  older  men  will  leave  the  service  from  time  to  time  by  reason  of  sickness  or  other 
disabilities,  and  new  men  must  be  brought  in  to  take  their  places. 

For  these  reasons,  maintenance  officers  have  two  problems  with  respect  to  main- 
taining their  forces  numerically — that  is,  to  fill  vacancies  and  to  augment  their  forces  as 
may  be  necessary  to  accomplish  the  work  that  must  be  done  to  insure  uninterrupted 
movement  of  an  unprecedented  volume  of  traffic.  In  addition,  they  must  do  this  in  the 
face  of  an  inadequate  and  diminishing  supply  of  labor  from  which  to  draw.  They  are 
also  faced  with  the  alternative  of  replacing  highly  skilled  men  as  they  leave  the  service, 
an  impossible  task  in  most  sections,  or  of  doing  the  work  that  must  be  done  with  men 
of  less  experience  and  less  skill. 

Situation  Is  Growing  Worse 

Except  for  the  small  minority  of  roads  that  have  not  yet  experienced  a  shortage  in 
any  classes  of  labor,  all  of  the  officers  interviewed  report  that  the  situation  has  grown 
worse  gradually  since  it  first  became  apparent  early  in  1942,  and  most  of  them  advise 
that  it  has  become  noticeably  more  aggravated  since  July  1.  Some  officers  are  already 
facing  critical  shortages  in  certain  categories,  while  a  few  find  the  situation  critical  for 
all  classes  of  labor.  When  asked  whether  there  is  any  prospect  that  the  situation  will 
become  more  favorable  in  the  near  future,  the  reply  was  unanimous  that  there  is  no 
such  prospect,  and  34  out  of  37  officers  contend  that,  on  the  contrary,  there  is  every 
evidence  that  it  will  grow  worse,  and  that  this  prospect  has  been  made  darker  by  the 
recent  law  drafting  men  18  and  19  years  of  age.  In  addition,  the  potential  supply  of 
labor  from  which  the  railways  can  draw  has  been  restricted  still  further  by  the  provision 
in  this  law  for  freezing  farm  labor,  which  will  act  as  a  bar  to  railway  employment  by  a 
large  number  of  men  who  have  heretofore  been  available  for  maintenance  work  at 
certain  seasons. 

Numerically,  the  shortage  as  of  September  15,  1942,  in  the  bridge,  building  and 
water  service  classifications,  for  all  of  the  Class  I  roads  in  the  United  States  was  ascer- 
tained to  be: 
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No.  of 
Roads  Reporting 

No.  of  Difficulty 

Employees  in  in  Filling 

No.  of         Each  Occupation  Vacancies  in 

Occupation                                      Men  Short           on  July  IS  Each  Position 

Gang  foremen   (skilled  labor) 7                     3,917  3 

Carpenters    1,245                    13,773  29 

Iron  workers  68                         871  4 

Painters    309                      3,164  13 

Masons,      bricklayers,      plasterers      and 

plumbers    59                      1,694  I 

Helpers  and  apprentices   1,793                      8,921  23 

Portable  steam   equipment   operators....         31                      4,211  1 
Portable     steam     equipment      operators' 

helpers   72                         766  1 

Pumpers    16                      1,923  2 

Laborers    (including    gardeners    and 

farmers)    837                      5,168  13 

Total   4,437  44,408 

Are  Wages  Responsible? 

The  committee  endeavored  to  study  the  extent  to  which  higher  wages  have  con- 
tributed to  the  loss  of  men  to  other  industries.  Obviously,  wages  have  had  no  effect  on 
those  losses  that  have  been  sustained  by  reason  of  induction  of  railway  employees  into 
the  armed  forces.  Furthermore,  as  already  mentioned,  men  who  have  acquired  years  of 
seniority  are  reluctant  to  risk  their  standing  in  this  respect  by  shifting  to  employment 
that  may  be  temporary.  This  applies  generally  to  all  classifications.  Again,  to  many  of 
these  men,  the  pass  privilege  is  an  added  inducement  to  remain  in  railway  service.  On 
the  other  hand,  men  who  have  not  worked  long  enough  to  accumulate  much  seniority 
are  attracted  by  the  wages  offered  by  industry. 

What  Is  Being  Done  to  Attract  and  Hold  Men 

Designed  in  part  to  increase  the  earnings  of  their  men,  approximately  half  of  the 
roads  included  in  the  study  have  already  increased  their  working  day  from  eight  to  ten 
hours,  while  a  few  have  advanced  to  nine  hours.  In  some  cases  this  increase  applies  only 
to  extra  gangs,  in  others  to  all  of  the  track  forces,  and  in  still  others  to  the  entire  main- 
tenance force.  In  a  few  instances  the  increase  has  been  made  optional  with  the  gangs; 
in  others  it  is  confined  to  one  or  two  gangs,  to  special  gangs  or  on  specific  jobs,  or  only 
at  certain  points.  One  road  that  instructed  its  supervisors  to  allow  all  gangs  that  desired 
to  work  ten  hours  to  do  so,  got  a  surprisingly  poor  response.  Owing  to  the  wide  differ- 
ence between  the  wages  paid  by  the  railways  and  by  industry,  it  is  conceded  generally 
that  increases  in  the  hourly  rates  by  the  railways  would  be  ineffective  in  attracting  labor 
that  might  be  contemplating  industrial  employment  although  in  some  cases,  particularly 
where  inequalities  exist,  it  is  believed  that  some  increase  might  hold  men  already  in 
service. 

Solicitation  Is  Intensified 

Most  of  the  roads  under  study  have  made  no  innovations  in  their  methods  of 
hiring  men  except  to  relax  certain  requirements  with  respect  to  age  and  physical  condi- 
tion, which  have  heretofore  been  adhered  to  more  or  less  rigidly  and  which  will  be 
discussed  more  fully  later.  However,  almost  all  of  them  have  intensified  their  solicitation 
for  men,  and  many  of  them  are  advertising  in  local  papers  along  their  fines.  Several  roads 
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have  employed  additional  labor  agents,  others  have  been  investigating  labor  markets  off 
their  own  lines,  and  a  number  have  revived  the  practice  of  conducting  groups  to  their 
destinations  to  insure  that  they  arrive  in  full  strength. 

One  road  has  found  some  success  in  soliciting  among  garage  and  oil  station  em- 
ployees where  work  has  been  curtailed.  Many  roads  are  encouraging  their  foremen  to 
undertake  personal  solicitation  in  their  communities.  One  road  that  has  heretofore  used 
white  labor  exclusively  reports  that  it  is  having  some  success  with  gangs  of  colored  labor. 
As  an  added  inducement,  several  roads  that  have  not  yet  relaxed  their  physical  require- 
ments have  now  undertaken  to  pay  for  the  required  physical  examination,  which  the 
applicant  was  previously  required  to  do.  As  another  expedient,  a  number  of  roads  have 
turned  to  state  employment  services  and  to  the  Federal  Railroad  Employment  Service, 
a  branch  of  the  Railroad  Retirement  Board,  and  some  report  that  their  requests  have 
been  filled.  In  other  words,  while  there  has  been  an  almost  universal  increase  in  the 
amount  of  solicitation,  there  have  been  no  other  marked  departures  from  previous 
practices  for  hiring  labor. 

In  Canada,  no  employed  person,  except  nurses,  teachers,  etc.,  is  allowed  to  leave  his 
employment  except  upon  7  days'  notice  to  his  employer.  Then,  before  seeking  work  else- 
where, he  must  obtain  a  work  permit  from  his  local  National  Selective  Service  office. 
Without  this  permit  no  other  employer  is  allowed  to  hire  or  even  interview  him  with 
the  intention  of  hiring  him.  In  addition,  a  National  Selective  Service  officer  may  direct 
an  unemployed  person,  or  a  person  not  working  full  time,  to  accept  available  suitable 
work,  which  he  must  undertake  and  which  he  may  not  quit  without  permission  from  a 
Selective  Service  officer.  Violation  of  these  regulations  carries  a  penalty  of  12  months' 
imprisonment. 

Good  Housing  and  Better  Food  Help 

In  the  belief  that  the  character  of  the  housing  provided  for  those  men  who  must  be 
away  from  home  either  temporarily  or  permanently,  and  the  manner  and  standards  of 
feeding  them,  exert  a  direct  influence  on  the  ease  or  difficulty  with  which  labor  can  be 
secured  and  held,  the  committee  investigated  this  phase  of  the  problem.  It  found  only  a 
few  roads  that  do  not  maintain  some  fixed  or  itinerant  labor  camps.  All  evidence  ob- 
tained indicates  that  improved  housing,  particularly  electric  lights,  better  sanitary 
arrangements,  facilities  for  bathing  (that  is,  showers  with  hot  and  cold  water)  and  rooms 
for  recreation  have  definite  value  in  attracting  labor  and  in  holding  men  after  they  are 
once  in  service.  However,  the  quality  and  quantity  of  food,  the  manner  in  which  it  is 
served  (that  is,  whether  the  dining  facilities  are  clean  and  attractive  or  the  service  satis- 
factory) and  the  price  charged  for  board  may  have  more  to  do  with  attracting  and 
holding  men  than  the  character  of  the  housing,  assuming  that  the  latter  is  reasonably 
good.  The  testimony  was  general  that  those  camps  that  serve  better  food  have  less 
trouble  in  keeping  men. 

On  the  other  hand,  the  intensity  of  industrial  competition  may  to  a  large  extent 
nullify  the  benefits  that  might  otherwise  inure  to  a  railway  by  reason  of  excellent  hous- 
ing facilities  and  food.  This  is  illustrated  by  two  roads,  both  of  which  are  known  for 
the  high  character  of  their  boarding  camps.  One  finds  these  facilities  quite  helpful,  while 
the  other,  situated  in  a  more  highly  developed  industrial  territory,  reports  that  its  camps 
are  not  helping  much  to  hold  labor  at  present. 

The  committee  found  a  wide  range  in  the  standards  to  which  labor  camps  have 
been  maintained  up  to  the  present.  On  several  roads  retired  box  cars  are  still  being 
patched  up  and  assigned  to  extra-gang  boarding-camp  service.  At  the  other  extreme, 
some  roads  are  using  steel  passenger  cars  that  have  been  superseded  by  lighter  and  more 
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modern  equipment  for  bridge  and  building  gangs  and  for  rail  and  ballast  gangs,  while 
such  retired  box  cars  as  are  in  use  have  been  sent  to  the  shop  and  have  been  put  in 
first-class  condition  for  boarding  service,  with  old  wood  or  steel  coaches  for  cook  and 
dining  cars. 

In  its  study,  the  committee  found  that  on  a  few  roads  the  standards  for  boarding 
camps  have  been  high  for  a  number  of  years.  On  others  where  the  standards  have  been 
lower,  the  majority  have  done  nothing  as  yet  to  improve  their  housing  facilities,  while 
a  limited  number  have  installed  bathing  facilities,  improved  sanitation  and  electric  lights, 
and  some  have  done  a  liberal  amount  of  painting.  In  addition,  several  roads  that  have 
not  heretofore  maintained  labor  camps  are  now  preparing  to  open  one  or  more. 

On  some  roads  the  labor  camps  are  operated  by  the  dining  car  department.  On 
others  this  is  done  by  a  contractor,  while  many  of  the  bridge  and  building  and  other 
permanent  gangs  operate  their  own  camps.  In  these  cases  the  railway  provides  the  cooks, 
while  the  gang  purchases  the  food  and  prorates  the  cost.  Indicating  an  understanding  of 
the  important  part  that  food  plays  in  keeping  labor  satisfied,  a  number  of  roads,  in- 
cluding those  operating  their  camps  through  the  dining  car  department  and  through 
contractors,  advise  that  they  are  now  supervising  the  food  more  closely  than  ever  before, 
and  are  insisting  on  the  maintenance  of  both  quality  and  quantity. 

Requests  for  Deferment 

Inquiry  was  made  concerning  the  practices  relating  to  requests  for  deferment  from 
military  service  and  the  success  attending  these  efforts.  It  was  found  that  these  practices 
range  from  no  requests  for  men  in  any  category  to  requests  for  all  men  as  they  are 
about  to  be  called.  In  general,  however,  deferment  has  been  requested  only  for  skilled 
men,  technically  trained  men,  foremen  and  others  occupying  important  key  positions. 

Usually  the  selective  service  boards  have  been  willing  to  cooperate  to  the  limit  of 
their  authority,  but  up  to  late  in  1942  they  were  not  permitted  to  allow  deferments  for 
longer  than  six  months,  although  upon  further  showing  at  the  end  of  this  period,  the 
deferment  could  be  extended  for  a  like  period.  On  the  other  hand,  in  a  considerable 
number  of  cases,  as  the  supply  of  men  suitable  for  induction  neared  exhaustion,  a  number 
of  the  boards  refused  further  deferment  in  order  to  fill  their  quotas. 

A  few  boards  have  been  reluctant  to  grant  deferments  on  any  showing  and  some 
have  definitely  refused  to  do  so.  In  the  majority  of  cases,  however,  efforts  to  obtain 
deferment  have  been  attended  with  success,  provided  the  men  involved  are  included  in 
the  classifications  listed  in  Bulletin  5,  dated  May  2,  1942,  issued  by  Gen.  L.  B.  Hershey, 
director  of  selective  service.  A  later  bulletin,  issued  about  November  1,  1942,  modified 
the  provisions  in  the  original  bulletin  in  that  provision  was  made  for  the  permanent 
deferment  of  certain  key  men  in  railway  service,  but  it  had  not  been  operative  long 
enough  before  this  study  was  concluded  to  determine  its  effect. 

Should  Prove  Advantageous 

Nevertheless,  this  modification  should  correct  one  difficulty  that  has  been  encoun- 
tered frequently  by  supervisory  officers  under  the  provision  for  temporary  deferment 
only — namely,  that  it  has  not  been  uncommon  for  men  to  enlist  shortly  before  the 
period  of  their  deferment  expired  to  insure  getting  into  the  branch  of  the  service  they 
preferred  rather  than  to  run  the  chance  of  being  drafted  if  the  request  for  further 
deferment  was  refused. 

Some  roads  that  have  had  little  difficulty  in  obtaining  the  first  deferment  have  not 
been  successful  in  obtaining  extensions  and  not  a  few  of  the  men  involved  enlisted  or 
were  inducted  eventually.  In  other  cases,  continued  deferment  has  been  granted  for  track 
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foremen,  but  the  same  boards  have  refused  even  primary  deferment  for  other  classes  of 
employees,  regardless  of  skill.  Still  other  roads  have  had  such  poor  success  that  all  efforts 
have  been  abandoned  to  obtain  deferments  for  men  in  any  classification.  On  the  whole, 
however,  the  committee  finds  that  even  the  temporary  relief  obtained  from  wholesale 
inductions  that  might  have  disrupted  the  forces  completely  has  been  of  real  benefit  in 
that  it  provided  time  to  make  adjustments  in  the  organization  to  overcome  the  severe 
dislocation  of  the  forces  through  loss  of  skilled  workers  and  key  men. 

Tapping  New  Supplies  of  Labor 

Exploration  was  also  made  of  the  extent  to  which  the  railways  have  endeavored  to 
increase  the  amount  of  labor  available  by  tapping  supplies  upon  which  they  had  not 
drawn  previously.  Employees  whose  length  of  service  has  been  sufficient  to  entitle  them 
to  pensions  are  familiar  with  railway  practices  and  requirements  and  possess  the  skill 
to  make  them  desirable  for  many  of  the  positions  now  open,  provided  they  are  physically 
able  to  fill  them.  Only  in  a  few  instances,  however,  have  pensioners  been  recalled  for 
maintenance  of  way  work.  Several  roads  that  would  have  done  so,  found  none  of  them 
physically  able  to  undertake  the  work  demanded.  In  a  few  cases  where  calls  were  made, 
the  response  was  so  small  that  it  had  no  effect  on  the  general  labor  situation.  In  another 
case,  those  that  did  respond  were  all  track  foremen  and  they  could  not  be  used  for  at 
that  time  there  were  no  vacancies  in  this  category.  Some  roads  still  have  the  matter  of 
recalling  old  employees  under  consideration. 

Experience  has  shown  that,  generally,  in  a  relatively  short  time  after  a  man  has 
been  pensioned  he  deteriorates  physically,  or  rather  "softens"  to  an  extent  that  unfits 
him  for  the  strenuous  effort  demanded  of  most  maintenance  of  way  employees,  for  which 
reason  the  number  of  pensioners  available  for  work  in  this  department  is  less  than  in 
those  departments  where  the  demands  on  them  are  less  severe.  In  contrast  with  those 
older  employees  who  have  been  out  of  the  service  for  varying  periods,  the  men  who  are 
now  reaching  the  retirement  age  are  generally  in  sufficiently  good  physical  condition  to 
continue  their  employment,  and  a  large  number  of  roads  report  success  in  retaining  men 
who  have  reached  this  age  instead  of  putting  them  on  the  pension  list.  Almost  inyari- 
ably  these  men  are  glad  to  remain  in  service  and  with  few  exceptions  they  are  physically 
able  to  do  so.  Several  roads  report  that  they  require  a  physical  examination,  while 
others  leave  it  to  such  an  employee  to  judge  whether  he  is  able  to  continue. 

Relaxing  Age  Limits 

Another  expedient  that  is  being  adopted  widely  to  increase  the  supply  of  labor 
available  is  the  relaxation  of  age  limits  and  physical  standards  when  hiring  new  men. 
The  committee  finds  that  this  practice  is  general,  most  roads  having  relaxed  these  re- 
quirements almost  as  soon  as  shortages  became  apparent.  The  extent  to  which  this  has 
been  done,  however,  varies  between  wide  limits.  The  most  common  action  in  this  respect 
has  been  the  raising  of  the  age  limit  for  hiring  new  men  from  45  to  '55  years,  although 
in  some  cases  the  raise  has  gone  as  high  as  60  years,  while  in  others  it  has  been  limited 
to  50  years.  Some  roads  still  maintain  a  differential  between  the  ages  at  which  experi- 
enced and  unexperienced  men  will  be  hired,  but  in  most  instances  this  differential  has 
also  been  abolished. 

Likewise,  the  age  limit  for  entering  the  service  has  been  lowered,  but  not  so  gen- 
erally as  the  upper  limit  has  been  raised.  Some  roads  have  lowered  the  age  limit  to  19 
years,  while  others  have  gone  as  low  as  16  and  17  yeais.  Some  roads  are  disregarding 
both  the  upper  and  lower  age  limits  completely,  leaving  it  to  the  local  supervisory 
officers  to  judge  whether  a  man  can  do  the  work  required. 
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Physical  requirements  have  also  been  relaxed  generally,  although  on  a  few  roads 
the  standards  are  as  rigid  as  ever.  Some  roads  have  eliminated  physical  examinations, 
leaving  it  to  the  hiring  officer  to  judge  the  man's  ability  to  work;  others  have  abolished 
examinations  for  men  within  the  former  age  limits,  but  still  require  men  outside  these 
limits  tc  be  examined.  Still  others  require  examinations  as  a  matter  of  record,  but  do  not 
reject  men  unless  they  have  some  defect  that  obviously  disqualifies  them. 

This  trend  towards  lowering  physical  requirements  for  employment  is  not  universal, 
however,  for  there  are  those  who  subscribe  to  the  position  taken  by  Dr.  I.  S.  Cutter, 
medical  director  of  the  Chicago  &  North  Western,  in  an  address  before  the  Safety  Section 
late  in  October,  that  "if  the  bars  are  let  down  now  we  will  secure  a  temporary  respite, 
but  will  reap  a  whirlwind  of  inefficiency  and  disability  in  years  to  come."  He  called 
attention  to  the  widespread  incidence  of  mental  illness,  saying  that  it  has  been  found  in 
6.3  percent  of  our  draftees,  and  that  the  ages  for  railway  employment  will  include  a 
considerable  number  of  those  unfortunates  if  care  is  not  exercised  to  weed  them  out. 
These  are  not  insane  but  emotionally  unstable  and  are  always  responsible  for  a  high 
percentage  of  industrial  accidents.  He  also  discussed  a  number  of  physical  disabilities, 
including  diabetes,  congenitally  weak  back,  incipient  tuberculosis,  organic  heart  ailments, 
athletes  foot,  phlebitis,  arteriosclerosis,  hernia  and  certain  types  of  allergy,  which  he 
said,  should  disqualify  a  man  for  maintenance  of  way  work. 

Filling  Vacancies  With  Women 

Investigation  was  also  made  of  the  extent  to  which  women  have  been  employed  to 
fill  positions  left  vacant  by  men  who  have  left  the  service  or  to  expand  the  forces 
where  this  has  been  deemed  expedient.  So  far  as  could  be  learned,  only  four  roads  are 
now  employing  women  for  outside  work,  and  one  of  these  is  employing  them  only  in  a 
few  cases  as  crossing  watchmen.  Nevertheless,  a  large  number  of  office  positions  have 
been  left  vacant,  and  with  only  a  few  exceptions  the  roads  are  filling  these  vacancies 
with  women. 

One  road  endeavored  to  organize  a  gang  of  20  women  to  dress  ballast  behind  a 
surfacing  gang,  but  owing  to  rates  of  pay,  amounting  to  $30  a  week  offered  by  an  arms 
plant  in  the  vicinity,  such  a  gang  could  not  be  recruited.  However,  later  at  another 
point,  it  became  possible  to  organize  a  ballast-dressing  gang  of  15  women,  and  their 
work  has  been  quite  satisfactory.  This  same  road  has  been  using  women  as  carpenters' 
helpers  for  some  months,  and  reports  that  this  plan  has  worked  out  so  well  that  it  is 
planned  to  use  women  next  year  in  many  of  the  occupations  heretofore  occupied  solely 
by  men.  Another  road  reported  that  it  has  had  some  women  in  positions  requiring  con- 
siderable physical  effort  ever  since  the  first  World  War,  and  that  at  present  it  is  hiring 
additional  women,  placing  some  of  them  in  section  gangs.  The  fourth  road  has  quite 
recently  organized  a  section  gang  composed  of  colored  women. 

So  far  as  the  committee  can  find,  no  other  means  than  those  that  have  been  dis- 
cussed have  been  employed  to  increase  the  supply  of  labor  that  can  be  drawn  on  for 
maintenance  work.  However,  one  road  that  has  experienced  difficulty  in  holding  section 
men  at  isolated  points  is  considering  closing  certain  section  headquarters  and  establishing 
labor  camps  at  the  larger  towns,  from  which  the  men  will  be  transported  to  the  various 
sections  upon  which  they  are  to  work. 

What  Was  Done  in  World  War  I 

In  many  respects  the  situation  now  confronting  the  railways  with  respect  to  main- 
tenance of  way  labor  is  similar  to  that  with  which  they  had  to  cope  during  World  War  I. 
It  was  considered  desirable,  therefore,  to  study  the  expedients  adopted  at  that  time  to 
ascertain  whether  the  experience  of  that  period  can  be  used  as  a  guide  for  action  in  the 
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present  situation.  With  our  entry  into  the  war  in  1917  there  was  the  same  disparity 
between  the  wages  paid  maintenance  employees  and  those  paid  by  industry,  except  that 
the  gap  for  skilled  labor  was  then  relatively  wider  than  for  unskilled  labor,  compared 
with  today.  As  war  industries  were  being  built  there  was  the  same  sudden  rise  in  wages 
paid  by  contractors  and  the  same  competition  for  both  skilled  and  unskilled  labor, 
which  was  later  continued  by  industry  as  the  war  plants  went  into  service. 

However,  the  railway  retirement  system  had  not  yet  come  into  existence,  and  in 
general,  seniority  rules  were  not  in  effect  among  maintenance  of  way  employees  so  that 
there  were  no  seniority  or  pension  rights  to  act  as  inducements  for  men  to  remain  in 
railway  service.  As  a  result,  in  addition  to  the  large  number  of  younger  men  who  were 
lost  through  the  draft,  there  was  a  larger  migration  of  older  men  to  better  paying  jobs 
in  industry.  In  fact,  the  situation  became  so  critical  that  when  the  Railroad  Adminis- 
tration took  over  the  roads,  shortages  of  30  to  SO  percent  existed  throughout  the 
country. 

Wages  Were  Raised 

One  of  the  first  actions  taken  by  the  Railroad  Administration  was  to  raise  the 
wages  of  all  maintenance  of  way  employees  and  to  reduce  the  basic  working  day  to 
8  hours.  The  former  action  was  of  little  benefit  so  far  as  it  was  instrumental  in  inducing 
outside  labor  to  enter  railway  service,  since  there  still  remained  a  wide  differential  be- 
tween railway  and  industrial  wages.  Again,  industrial  competition  was  keen  because 
industry  was  also  suffering  from  a  shortage  of  both  skilled  and  unskilled  labor  and  did 
not  reach  the  saturation  point  during  the  period  of  the  war.  The  immediate  result  of 
the  8-hour  day  was  to  make,  in  effect,  a  reduction  of  20  percent  in  the  maintenance 
forces,  while  certain  rules  that  were  promulgated  at  the  same  time  made  the  total  effec- 
tive reduction  approximate  25  percent,  thus  aggravating  an  already  serious  situation. 

In  view  of  this  extreme  shortage,  the  Department  of  Labor  imported  50,000  laborers 
from  Porto  Rico  and  60,000  from  the  Virgin  Islands  for  railway  and  agricultural  work. 
The  use  of  this  labor  was  confined  to  the  South  because  of  climatic  conditions  and  did 
not  affect  the  situation  of  the  roads  farther  north  or  in  the  West.  In  addition,  literacy 
restrictions  were  relaxed  to  permit  entry  of  Mexican  labor,  which  came  over  in  consid- 
erable numbers  and  remained  on  the  railways  of  the  Southwest  and  Middle  West  for  a 
number  of  years  after  the  war. 

Women  Were  Employed 

Almost  as  soon  as  the  railways  began  to  feel  the  pinch  of  reduced  forces  they 
began  to  employ  women  for  many  of  the  jobs  that  had  been  vacated  by  men,  and  by 
July  1,  1917,  a  large  number  had  entered  the  service,  generally  in  clerical  positions.  On 
that  date  the  New  York  Central  had  employed  a  large  but  unspecified  number  of  women 
in  the  stores,  the  car  service  record,  the  purchasing  and  the  auditing  department  offices, 
as  ticket  sellers  and  as  station  assistants.  They  were  also  working  in  shops  as  machine 
tool  operators.  However,  the  only  outside  occupation  in  the  maintenance  of  way  depart- 
ment that  was  being  filled  by  women  on  that  date  was  that  of  crossing  watchmen,  and 
there  were  not  many  of  them.  Likewise,  between  May  1  and  August  1,  1917,  more  than 
3,730  women  had  been  given  positions  in  the  operating  department  of  the  Pennsylvania. 
Of  these,  only  1.8  percent  were  employed  in  the  engineering  department  and  none  were 
in  the  maintenance  department. 

By  July  1,  1918,  more  than  81,000  women  had  entered  railway  service,  filling  posi- 
tions previously  held  by  men.  This  figure  eventually  exceeded  100,000.  Outside  of  those 
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watching  crossings,  however,  the  number  employed  in  the  maintenance  department  was 
relatively  small.  While  some  women  were  employed  in  track  gangs,  the  publicity  given 
this  matter  tended  to  exaggerate  the  facts  and  the  Women's  Service  section  of  the 
Railroad  Administration  discouraged  this  and  other  employment  that  required  severe 
physical  exertion. 

United  States  Employment  Service 

Early  in  1918  the  Department  of  Labor  organized  a  government  employment  service 
for  the  purpose  of  recruiting  all  labor  for  war  industries  and  established  about  600 
agencies  throughout  the  country.  The  railways  were  exempt  from  the  mandatory  use  of 
this  service,  but  were  urged  constantly  to  avail  themselves  of  it.  A  railway  branch  was 
established  and  began  to  function  late  in  the  summer  of  1918.  While  some  men  were 
secured,  the  railways  in  the  long  run  did  not  benefit  greatly  from  it,  aside  from  the 
Mexican  labor  that  was  imported.  In  fact,  there  were  many  who  believed  that  the 
benefits  were  more  than  offset  by  the  disadvantages  incurred  through  the  elimination  of 
the  labor  agencies  that  had  served  the  railways  well  for  many  years.  However,  one 
action  of  this  organization  was  beneficial  in  that  it  reduced  the  labor  turnover  by  pro- 
hibiting men  of  draft  age  to  transfer  from  essential  to  non-essential  employment  on  pain 
of  being  called  at  once  in  the  draft. 

What  Can  Be  Done  Now? 

Returning  to  the  present,  what  can  be  done  in  the  existing  situation  to  maintain 
tracks  and  structures  according  to  the  standards  demanded  by  the  volume  of  traffic  that 
must  be  kept  moving?  To  what  extent  can  the  experiences  during  the  last  war  be  helpful 
in  developing  a  procedure  today?  Are  there  factors  in  today's  situation  that  did  not 
exist  25  years  ago,  and  what  are  their  effects?  In  the  first  place,  it  is  not  debatable  that 
a  serious  situation  exists  with  respect  to  maintenance  of  way  labor,  and  the  prospect  is 
that  it  will  become  critical  generally  in  the  near  future  as  it  has  already  become  in 
many  localities  so  that  the  situation  calls  for  well  considered  action. 

There  are  certain  favorable  factors  influencing  the  labor  situation  today  that  were 
not  present  during  the  last  war.  At  that  time  the  amount  of  rail  heavier  than  100  lb. 
was  negligible,  while  today  some  thousands  of  miles  of  materially  heavier  and  better 
rail  are  in  service.  Then,  the  number  of  treated  ties  was  only  a  fraction  of  the  number 
in  service  today  so  that  tie  renewals  are  now  much  less.  For  these  reasons,  other  things 
being  equal,  the  amount  of  labor  required  to  maintain  track  has  been  reduced,  compared 
with  the  earlier  period.  Likewise,  the  wider  use  of  work  equipment  has  increased  the 
productivity  of  labor  so  that  the  number  of  man-hours  required  to  perform  the  various 
tasks  in  maintenance  is  less. 

Track  Requires  More  Labor 

It  should  not  be  overlooked,  however,  that  conditions  are  not  equal.  Despite  better 
track  construction,  there  has  never  been  a  time  in  the  history  of  the  railways  when  rail 
was  being  worn  out  as  rapidly  as  it  is  today,  or  when  rail  renewals,  based  on  gross-ton 
miles  of  traffic,  were  as  low  as  they  are  at  present.  Both  average  and  maximum  train 
speeds  are  now  the  highest  in  the  history  of  the  railways,  and  even  if  the  speed  reduc- 
tions that  have  been  discussed  lately  are  put  into  effect,  they  will  still  be  materially 
higher  than  they  were  in  1917  and  1918.  Since  standards  of  maintenance  must  be  in- 
creased as  train  speeds  advance,  any  increase  in  these  standards  demands  an  increase  in 
the  amount  of  labor.  In  other  words,  although  track  construction  and  structures  have 
been  greatly  improved  since  the  last  war  and  labor  has  been  made  far  more  effective 
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through  the  use  of  power  machines,  the  demands  that  are  being  made  upon  these  facil- 
ities have  increased  to  such  an  extent  that  continued  application  of  labor  and  material 
is  necessary  to  maintain  them  for  the  safe  passage  of  trains.  Obviously,  there  is  a  mini- 
mum below  which  maintenance  labor  cannot  be  permitted  to  go,  and  this  minimum  is 
already  being  approached  in  some  sections  of  the  country. 

Based  on  the  studies  that  have  already  been  discussed,  the  committee  does  not 
believe  that  much  benefit,  in  a  broad  sense,  can  be  obtained  by  recalling  pensioned  em- 
ployees, although  this  should  be  done  where  they  are  willing  to  return  and  are  physically 
able  to  do  the  work  required  for  they  are  men  of  experience  and  know  railway  practices. 
With  continued  drafts  on  the  supply  of  men  of  military  age  and  relaxation  of  physical 
requirements  by  the  army,  it  is  to  be  expected  that  increased  difficulty  will  be  ex- 
perienced in  retaining  in  railway  service  men  between  the  ages  of  18  and  40.  For  this 
reason  it  is  imperative,  if  sufficient  labor  is  to  be  obtained,  to  relax  age  and  physical 
requirements  for  employment  in  the  maintenance  of  way  department.  In  this  connection, 
however,  it  should  not  be  overlooked  that  new  men  taken  into  the  service  now  may 
acquire  substantial  seniority  rights  that  cannot  be  abrogated  when  the  supply  of  labor 
again  becomes  plentiful. 

Power  Machines  and  Tools  Needed 

The  committee  is  aware  of  the  restrictions  that  are  being  placed  upon  the  purchase 
of  work  equipment,  but  up  to  the  present  most  roads  that  have  been  able  to  make  a 
convincing  presentation  of  need  for  this  equipment  have  been  able  to  obtain  the  neces- 
sary priorities.  So  far  as  the  committee  is  aware,  there  has  been  no  change  in  attitude 
on  this  matter  by  the  War  Production  Board.  Since  the  effectiveness  of  man  power  can 
be  increased  so  much  by  the  use  of  power  machines  and  tools,  the  committee  recommends 
that  the  fullest  use  be  made  of  the  equipment  now  in  possession  of  the  roads  and  that 
every  endeavor  be  made  to  obtain  additional  units  that  can  be  used  to  advantage. 

In  general,  experience  during  the  last  war  indicated  quite  clearly  that  even  sub- 
stantial wage  increases  failed  completely  to  attract  labor  into  railway  service  because 
industry  was  always  able  to  outbid  the  railways.  There  is  no  evidence  that  any  general 
increase  in  wages  that  the  railways  can  make  now  will  be  any  more  effective  than 
before.  It  must  not  be  overlooked  that  during  the  intervening  quarter-century  almost 
every  classification  of  maintenance  labor  has  already  been  given  marked  increases  in  its 
wages.  The  committee  does  believe,  however,  that  where  inequalities  exist  they  should 
be  corrected.  Wages  are  matters  of  contract  on  most  roads,  and  as  such  must  be  a  matter 
for  individual  consideration  by  the  various  roads. 

One  expedient  which  will,  in  effect,  increase  the  number  of  men  in  service  by  25 
percent  is  to  extend  the  working  period  of  the  day  to  10  hours.  Experience  has  shown 
that  if  the  reasons  for  doing  so  are  put  on  a  patriotic  basis  and  are  explained  so  that 
the  men  understand  them  fully,  they  will  usually  respond  gladly. 

Improve  Labor  Camps 

A  difficulty  that  has  often  confronted  maintenance  officers  in  their  efforts  to  obtain 
labor  in  times  of  scarcity  has  been  the  seasonal  character  of  railway  employment.  Men 
with  families  often  cannot  afford  to  work  where  employment  is  intermittent,  and  under 
such  circumstances  higher  wages,  even  though  temporary,  offer  inducements  that  would 
not  be  considered  if  the  men  knew  that  their  railway  jobs  were  stabilized.  The  com- 
mittee suggests,  therefore,  that  the  question  of  maintaining  as  large  a  proportion  as 
possible  of  the  forces  at  a  constant  level  throughout  the  year  be  given  serious  consider- 
ation. 
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The  advantages  of  the  stabilization  of  labor  have  long  been  recognized  by  main- 
tenance officers,  although  the  practice  has  rarely  been  followed.  The  desirability  of  doing 
so  during  the  present  emergency  was  emphasized  strongly  by  the  representatives  of  the 
Office  of  Defense  Transportation  who  spoke  before  the  Roadmasters'  and  the  Bridge  and 
Building  men  at  their  recent  meetings.  That  railway  men  are  also  thinking  seriously 
along  the  same  lines  is  shown  by  the  statement  of  one  chief  engineer  that  "we  are 
making  plans  to  carry  on  a  more  extensive  program  of  maintenance  throughout  this 
winter,  to  avoid  laying  off  men.  Our  thought  is  that  if  we  lay  them  off,  the  prospect  of 
getting  them  back  in  the  spring  will  be  remote.  We  propose  to  work  every  day  that  it 
is  possible  to  do  so,  and  while  it  is  certain  that  some  days  will  be  unfit  for  outside  work, 
our  past  experience  shows  that  there  are  not  many  such  days  during  the  winter  season." 

Despite  the  shortage  in  this  classification  that  is  reported  from  all  sections,  and  the 
restlessness  that  the  men  who  compose  it  are  showing,  the  railways  must  continue  to 
rely  on  itinerant  labor  for  certain  classes  of  work,  notably  laying  rail  and  ballasting. 
Experience  has  shown  clearly  that  the  quality  of  the  housing  and  of  the  food  provided 
is  an  important  factor  in  holding  gangs  for  this  type  of  labor  to  full  strength.  Many 
roads  are  now  providing  excellent  food  and  housing,  but  others  are  not  doing  as  much 
in  this  respect  as  the  committee  believes  is  warranted.  Therefore,  it  suggests  that  this 
phase  of  the  problem  be  studied  carefully  by  the  individual  roads  with  a  view  to  making 
improvements  that  will  add  to  the  comfort  of  the  men  and  thereby  tend  to  make  them 
better  satisfied  with  their  employment.  It  is  reported  that  some  roads  have  not  increased 
their  charges  for  food  in  labor  camps  despite  a  considerable  rise  in  prices,  but  are 
absorbing  the  loss,  and  where  the  camps  are  handled  by  contractors,  these  railways  are 
paying  for  the  difference  in  cost. 

It  has  been  suggested  that  some  classes  of  labor  can  be  attracted  to  railway  service 
and  that  others  can  be  held  more  easily  if  the  men  are  paid  weekly  instead  of  semi- 
monthly, as  now.  The  committee  however,  believes  that  this  suggestion  is  of  doubtful 
merit. 

Employment  of  Women 

It  has  also  been  suggested  with  considerable  vigor  that  where  possible  jobs  vacated 
by  men  be  filled  by  the  employment  of  women.  The  committee's  study  indicates  that 
so  far  as  clerical  and  other  office  positions  are  concerned,  this  is  being  done  generally 
by  all  of  the  railways  and  there  is  no  indication  of  a  disposition  to  prevent  women  from 
taking  these  jobs.  On  the  other  hand,  except  for  a  few  crossing  watching  jobs,  women 
have  not  yet  been  employed  to  any  extent  for  outside  work,  and  the  committee  believes 
that  it  will  be  unwise  to  organize  track,  material-handling  or  other  gangs  in  which  severe 
physical  effort  is  demanded.  The  formation  of  such  gangs  during  the  last  war,  although 
widely  publicized,  was  on  a  relatively  small  scale  and  of  small  benefit,  and  the  com- 
mittee sees  no  reason  to  expect  that  it  will  be  any  more  successful  at  this  time. 

So  widespread  a  shortage  of  welders  is  indicated  by  the  committee's  study  that  it 
seems  desirable  for  those  roads  that  are  suffering  from  a  shortage  in  this  classification 
to  establish  special  training  courses  for  welders.  Both  the  welding  technic  and  the  con- 
ditions under  which  welding  is  done  in  most  of  the  maintenance  jobs  where  welding  is 
employed  are  so  different  from  the  conditions  encountered  in  shop  work  that  such 
courses  should  be  divorced  from  similar  courses  that  may  be  developed  for  prospective 
shop  welders. 

There  are  numerous  indications  that  the  present  U.  S.  employment  service  is  organ- 
ized on  a  more  helpful  basis  than  during  the  last  war  and  that  requests  for  labor  for 
railway  work  are  receiving  greater  consideration. 
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This  service  has  means  for  gathering  information  quickly  about  where  labor  can  be 
secured  and  the  committee  recommends  that  it  be  utilized  to  the  fullest  extent,  but  not 
to  the  exclusion  of  other  channels,  in  the  procurement  of  labor. 

There  are  no  indications  that  the  supply  of  labor  will  increase  much,  if  any,  above 
its  present  level  during  the  progress  of  the  war,  while  there  are  many  indications  that 
the  supply  will  generally  grow  smaller  as  more  and  more  men  enter  the  armed  forces 
or  are  drafted  into  war  industries.  As  a  result  of  this  study,  suggestions  have  been  made 
for  tapping  sources  of  labor  that  have  heretofore  been  closed  to  the  railways,  and  well 
organized  and  persistent  efforts  to  do  so,  together  with  intensive  local  solicitation  by 
employees  on  the  ground,  should  result  in  attracting  into  railway  service  a  considerable 
number  of  men  who  would  otherwise  go  into  other  channels. 

Efforts  to  keep  the  maintenance  of  way  forces  to  the  needed  level  should  be  active, 
constant,  persistent  and  unceasing.  The  officer  who  does  not  make  unceasing  effort  to 
keep  his  quota  for  labor  filled  will  find  himself  at  a  severe  disadvantage  compared  with 
others  who  are  more  active  and  more  persistent.  Even  when  he  has  done  so,  he  is  still 
likely  to  find  that  his  complement  of  men  is  below  his  needs.  Under  these  circumstances, 
the  capable  officer,  while  not  allowing  the  property  to  deteriorate  through  lack  of  effort 
or  supervision  on  his  part,  will  stick  primarily  to  essentials  and  omit  work  that  is  not 
essential  to  the  maintenance  of  adequate  facilities  for  the  safe  and  uninterrupted  move- 
ment of  the  important  traffic  that  is  necessary  to  keep  our  fighting  forces  supplied. 

What  the  British  Railways  Are  Doing 

The  British  railways  have  been  operating  under  war  conditions  since  September 
1939,  during  which  period  large  inroads  have  been  made  on  their  personnel  by  demands 
for  military  service  and  employment  in  war  industry.  It  was  the  thought  of  the  com- 
mittee that  information  concerning  the  expedients  that  these  roads  have  undertaken  to 
overcome  the  handicaps  thus  imposed  might  be  helpful  to  railway  officers  in  this  country 
who  are  facing  similar  problems.  While  it  has  not  been  possible  to  obtain  this  informa- 
tion in  detailed  form  in  time  for  incorporation  in  this  report,  a  general  statement  can 
be  made. 

There  has  been  no  general  policy  of  recalling  pensioned  employees,  partly  for 
physical  reasons  and  partly  because  such  employees  can  fit  better  into  certain  war 
activities  that  do  not  make  such  severe  physical  demands  upon  them.  On  the  other  hand, 
some  effort  has  been  made  to  retain  employees  reaching  the  retirement  age,  although 
no  pressure  is  being  exerted  to  influence  their  remaining  in  service.  However,  most  of 
them  that  are  physically  fit  desire  to  do  so.  While  exact  figures  are  not  available,  it  is 
understood  that  more  than  one-sixth  of  the  employees  of  the  British  railways  have  been 
released  for  service  with  the  armed  forces,  and  published  reports  indicate  that  approxi- 
mately 100,000  women  have  been  employed,  largely  to  fill  the  vacancies  thus  created, 
although  this  figure  apparently  includes  a  few  women  employed  by  the  London  Pas- 
senger Transport  Board. 

Obviously,  England  is  suffering  far  more  severely  from  a  shortage  of  labor  than  we 
are  as  yet  in  this  country.  For  this  reason,  it  has  been  necessary  to  relax  the  physical 
standards  for  employment.  On  the  other  hand,  those  who  are  being  employed  under 
these  relaxed  standards  are  considered  to  be  temporary  employees  and  must  relinquish 
their  jobs  as  the  regular  employees  are  released  from  the  armed  forces  and  return  to  their 
permanent  employment. 

A  considerable  number  of  the  women  thus  far  employed  are  in  the  engineering 
department,  where  they  have  been  placed  in  wood  preserving  plants,  frog  and  switch 
shops,  concrete  manufacturing  and  other  similar  plants  operated  by  the  railways,  and 
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they  are  said  to  be  both  effective  and  efficient.  These  jobs  are  of  a  reasonably  heavy 
character.  Women  have  also  been  employed  as  painters  and  cleaners  with  satisfactory 
results.  On  the  other  hand,  women  have  not  as  yet  been  employed  in  track  maintenance 
or  other  heavy  outdoor  work,  although  the  committee  is  informed  that  some  considera- 
tion has  been  given  to  such  employment. 

Summary 

A  shortage  of  labor  has  been  developing  since  early  in  1942,  and  this  shortage  has 
been  increasing  at  an  accelerated  rate  since  July  1,  until  at  present  it  is  critical  in  several 
classifications.  By  the  spring  of  1943  it  is  probable  that  labor  will  supersede  materials 
as  the  No.  1  problem  and  become  the  limiting  factor  in  maintenance  programs.  Two 
causes  are  primarily  responsible  for  this  shortage,  namely,  the  induction  of  a  large 
number  of  men  into  military  service  and  the  competition  of  war  industries.  A  further 
reason  is  the  need  of  the  railways  to  increase  their  forces  to  perform  the  additional 
maintenance  tasks  that  have  been  made  necessary  by  the  extraordinary  traffic  that  is 
now  being  moved. 

Information  gathered  from  various  sources  indicates  that  this  shortage  will  continue 
to  become  more  and  more  acute  until  it  becomes  as  critical  in  all  categories  as  it  now 
is  in  some.  There  is  no  evidence  that  the  situation  will  become  any  more  favorable  until 
the  end  of  the  war,  except  perhaps  temporarily  and  locally  as  the  completion  of  camps, 
munition  and  other  war  plants  releases  the  construction  forces  engaged  on  these  projects. 

Measures  to  meet  the  emergency  that  warrant  consideration  include  (not  in  the 
order  of  their  importance)  the  following: 

1.  Extension  of  the  working  day  to  nine  or  preferably  ten  hours 

2.  Extension  of  the  working  season    by    maintaining    a    more    uniform    working 
season  throughout  the  year 

3.  Relaxation  of  the  age  limits 

4.  Relaxation  of  physical  requirements 

5.  Intensified  solicitation  for  labor 

6.  Utilization  of  Federal  Employment  Service 

7.  Better  housing  and  better  food  in  labor  camps 

8.  Requests  for  deferment  of  key  men  from  military  service 

9.  Recall  of  pensioners 

10.  Retention  in  service  of  employees  reaching  retirement  age 

11.  Wider  and  more  intensified  use  of  power  machines  and  tools 

12.  Wider  use  of  women  in  jobs  for  which  they  are  fitted 

13.  Install  training  courses  for  foremen  and  skilled  workers 

14.  Eliminate  non-essential  work 
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To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  assignments: 
Foreword. 
A  brief  statement  of  objectives   page  308 

1.  Stimulate  greater  appreciation  among  railway  and  university  officers  of 

(a)  the  fundamental  importance  of  instruction  in  transportation  and  economics,  and 

(b)  the  necessity  for  presenting  courses  of  instruction  based  on  current  railway  con- 
ditions and  taught  by  men  of  adequate  ability  and  experience. 

No  report. 

2.  Call  to  the  attention  of  universities  and  colleges  such  information  and   conclusions 
developed  by  the  Association  as  thought  to  be  of  special  interest  or  value  to  them. 
Progress  report — presented  as  information page  309 

3.  Develop  means  of  bringing  to  the  attention  of  railway  managements  the  value  of  a 
technical  education  as  a  qualifying  factor  for  young  men  desiring  to  enter  railway 
service  with  a  view  to  advancement. 

Progress  report — presented  as  information   page  316 

4.  Stimulate  a  greater  interest  in  the  science  of  transportation  among  university  and 
college  students  and  create  thereby  a  greater  appreciation  of  the  place  of  transpor- 
tation in  our  national  economic  structure,  cooperating  with  organizations  of  university 
and  college  students  and  contributing  to  their  activities  in  such  manner  as  may  be 
mutually  arranged. 

No  report. 

5.  Develop  means  whereby  facilities  of  the  universities  may  be  made  more  directly  avail- 
able for  research  work  of  the  Association  and  the  railway  industry  by  cooperative 
effort  between  the  staffs  of  the  universities  and  the  committees  of  the  Association. 
Brief  progress  statement — presented  as  information   page  333 

The  Committee  on  Cooperative  Relations  with  Universities, 

E.  T.  Howson,  Chairman. 
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Foreword 

In  a  Foreword  to  the  report  presented  two  years  ago,  your  committee  stated  that 
"in  a  way,  the  work  of  this  committee  is  less  direct  and  immediate  in  its  objectives  than 
that  of  most  of  the  other  committees  of  this  Association.  It  is  not  dealing  with  materials 
or  detailed  practices  of  working;  neither  is  it  concerned  with  the  immediate  present. 
Rather,  it  is  dealing  with  a  problem  of  management,  the  full  impact  of  which  will  not 
be  felt  for  some  years.  Its  work  is,  however,  of  fundamental  importance  to  the  per- 
manent well  being  of  the  railway  industry." 

Events  of  the  past  year  have  given  this  statement  new  and  added  significance.  As 
our  country  has  progressed  further  into  the  war  and  as  the  railways,  in  common  with 
other  industries,  have  directed  their  energies  in  a  constantly  increasing  degree  to  the 
immediate  objective  of  winning  the  conflict,  there  has  arisen  a  growing  appreciation 
also  of  the  necessity  of  looking  to  the  days  after  the  successful  termination  of  hostilities 
and  beginning  to  plan  the  measures  that  must  then  be  taken  to  meet  the  post-war 
problems  and  opportunities. 

It  is  gratifying  that  the  importance  of  preparing  for  the  days  after  the  war  has 
already  been  recognized  by  the  railway  industry  through  the  appointment  by  the  Asso- 
ciation of  American  Railroads  of  a  committee  ,of  carefully  chosen,  forward-looking  men 
from  individual  railways,  under  the  chairmanship  of  Judge  R.  V.  Fletcher,  to  consider 
the  conditions  and  the  problems  that  will  confront  the  railways  when  hostilities  cease, 
and  to  devise  ways  to  solve  those  problems  in  order  that  the  industry  may  be  prepared, 
when  that  day  arrives,  to  put  those  solutions  into  effect  without  uncertainty  or  delay. 

In  this  preparation  for  post-war  conditions,  no  problem  is  more  important  to  the 
railway  industry  than  that  of  insuring  that  it  has  adequate  leadership.  Maximum  effi- 
ciency in  transportation  will  be  necessary  if  our  country,  with  its  distances,  is  to  be  able 
to  compete  effectively  in  the  markets  of  the  world.  And  the  railways,  as  a  major  element 
in  the  transportation  industry,  will  face  new  and  more  intensive  competition  than  ever 
before  experienced.  These  problems  will  require  leadership  of  a  high  order. 

Your  committee  feels  that  its  work  comprises  an  important  contribution  to  this  post- 
war preparation  of  the  railways.  In  past  reports  we  have  pointed  out  that  in  recent 
years  a  larger  proportion  of  the  more  promising  young  men  are  enjoying  the  privileges 
of  college  training  than  ever  before.  We  have  also  directed  attention  to  the  further  fact 
that  the  railways  have  failed  to  an  increasing  degree  to  meet  the  competition  of  other 
industries  for  these  young  men  and  that  an  increasing  number  of  the  colleges  and  uni- 
versities are  openly  discouraging  their  students  from  preparing  themselves  for  railway 
service,  even  to  the  extent,  in  a  number  of  schools,  of  abandoning  long  established  courses 
of  instruction  designed  to  prepare  for  railway  service. 

This  year  the  committee  presents  further  information  of  this  character  in  extracts 
from  statements  received  from  administrative  officers  of  leading  schools.  There  are  also 
presented  descriptions  of  plans  that  have  been  developed  and  put  into  effect  by  a  num- 
ber of  our  largest,  most  progressive  and  most  successful  industries  to  bring  into  their 
personnel  and  to  train  a  sufficient  number  of  young  men  of  the  proper  ability  to  provide 
the  operating  and  executive  leadership  in  the  years  ahead. 

By  these  means  and  by  the  continuation  of  our  studies  from  year  to  year  the  com- 
mittee hopes  to  bring  about  a  realization  on  the  part  of  railway  managements  of  the 
need  for  devising  means  to  attract  into  the  railway  industry  its  full  share  of  the  most 
capable  young  men  and  a  similar  appreciation  among  college  and  university  authorities 
that  the  railways  offer  a  promising  future  to  a  fair  proportion  of  their  students.  This 
we  believe  constitutes  one  approach,  and  a  very  important  approach,  to  the  post-war 
preparations  of  the  railroads. 
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Report  on  Assignment  2 

Call  to  the  Attention  of  Universities  and  Colleges  Such  Information 
and  Conclusions  Developed  by  the  Association 

As  Thought  To  Be  of  Special  Interest  or  Value  to  Them 

W.  D.  Faucette  (chairman,  subcommittee),  W.  C.  Barrett,  P.  O.  Ferris,  Clark  Hunger- 
ford,  R.  B.  Kittredge,  F.  R.  Layng,  W.  C.  Sadler,  Barton  Wheelwright. 

This  is  a  report  of  progress. 

In  developing  this  subject,  your  subcommittee  sent  a  letter  to  a  selected  list  of 
universities  and  colleges  in  which  it  described  the  work  of  the  American  Railway  Engi- 
neering Association  and  enclosed  a  copy  of  the  report  of  this  committee  as  it  appeared 
in  the  Proceedings,  Vol.  42.  This  letter  expressed  the  belief  that  cooperation  between 
(a)  the  colleges  and  universities  and  (b)  the  railroads  could  be  of  great  value  to  the 
railroad  industry  and  to  the  student  who  is  interested  in  railroading  as  a  career.  This 
letter  drew  replies  from  officers  of  40  of  these  educational  institutions. 

The  number  of  these  replies  and  the  length  to  which  so  many  of  these  educators 
went  in  describing  their  experiences  in  training  young  men  for  railway  service  and  in 
outlining  their  views  regarding  the  relative  attractions  of  the  railways  and  other  indus- 
tries to  young  men  looking  for  opportunities  for  life  work,  afford  a  comprehensive  cross 
section  of  the  attitude  that  prevails  among  college  and  university  authorities.  These 
replies  show  such  a  decrease  in  interest  in  the  preparation  of  young  men  for  service 
with  the  railways,  and  such  failure  among  the  railways  in  meeting  the  competition 
of  other  alert  industries  for  the  more  promising  young  men,  as  to  provide  cause  for 
serious  concern  among  those  who  are  interested  in  the  future  of  the  railway  industry. 
At  the  same  time,  these  letters  reveal  a  latent  friendliness  toward  the  railways  among 
most  of  these  educators  and  a  willingness  to  meet  them  half  way  in  correcting  the 
present  trend  if  and  when  the  railways  show  corresponding  interest. 

Your  committee  presents  abstracts  of  the  pertinent  parts  of  some  of  these  letters, 
believing  they  will  be  informative  and  helpful  and  provide  much  food  for  thought. 
Space  prevents  quoting  from  all  replies  but  this  indicates  no  lack  of  value  or  interest 
in  any  answer. 

The  abstracts  follow: 

From  G.  A.  Riedesel,  assistant  professor  of  civil  engineering,  College  of  Engineering, 
University  of  Idaho,  Moscow,  Idaho: 

I  agree  with  the  committee  that  the  present  field  of  railway  engineering  offers  a 
challenge  and  an  opportunity  for  a  worth-while  career  to  the  civil  engineering 
graduate  who  is  interested  in  railways. 

We  are  recognizing  the  diminishing  importance  of  railroad  location,  earthwork,  and 
construction  in  connection  with  railway  engineering.  However  in  trying  to  keep 
abreast  of  the  times  in  presenting  railway  engineering  to  our  undergraduate  civil 
engineers,  we  are  confronted  with  the  problem  of  finding  a  suitable  textbook  or 
any  form  of  organized  material  suitable  for  student  use.  Even  in  periodical  publica- 
tions there  is  a  decided  lack  of  information  that  undergraduates  can  use  effectively 
to  get  the  proper  perspective  of  the  entire  field.  This  is  a  subject  that  is  hard  to 
handle  without  a  textbook. 
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From  R.  W.  Fox,  professor  of  civil  engineering,  College  of  Engineering,  University  of 
Southern  California,  Los  Angeles,  Calif.: 

Now  and  then  a  student  evinces  an  urge  to  enter  the  railway  field,  and  I  am  more 
than  glad  to  show  him  its  opportunities.  In  nearly  every  distinctly  civil  engineering 
course,  there  are  frequent  chances  to  refer  to  railroad  practices  of  one  type  or  an- 
other, and  such  occasions  are  often  fruitful  in  promoting  longer  conversations  along 
the  same  line.  However,  we  find  that  the  average  railway  executive  is  not  too 
greatly  interested  in  a  broad  training,  but  prefers  that  men  should  be  developed  in 
immediate  contact  with  railroad  equipment.  As  a  result,  I  feel  that  a  graduate  will 
do  better  in  most  railroad  work  if  he  keeps  his  college  experience  under  his  hat, 
and  competes  solely  upon  the  basis  of  personal  merit. 

From  A.  S.  Langsdorf,  dean  of  the  Schools  of  Engineering  and  Architecture,  Washington 
University,  St.  Louis,  Mo.: 

The  development  of  all  fields  of  engineering  has  been  so  rapid  that  it  is  no  longer 
either  possible  or  desirable  for  the  engineering  colleges  to  build  their  curricula  with 
a  view  to  the  specialized  needs  of  a  particular  industry.  It  is  the  general  opinion  of 
all  educators  whose  views  carry  weight  that  within  the  limited  period  of  four  years 
the  engineering  curriculum  should  concentrate  on  those  fundamental  principles 
which  are  best  learned  in  schools,  leaving  to  the  industries  the  specialized  training 
which  is  best  obtained  in  actual  practice.  Here  at  Washington  University  we  have 
never  had  any  specialized  curriculum  in  railway  engineering  and  there  is  not  the 
slightest  intention  of  incorporating  such  a  specialty. 

The  railroads  have  not  been  active  in  recruiting  promising  engineering  graduates 
in  the  same  way  that  the  large  manufacturing  and  industrial  corporations  have  re- 
cruited technical  men.  Since  the  demand  on  the  part  of  the  railroads  for  technically 
trained  men  was  insignificant,  there  is  every  reason  for  the  technical  schools  to 
devote  their  limited  resources  to  the  training  of  men  for  fields  where  there  is  a  well 
developed  need.  It  would  seem  that  the  railroads  have  themselves  to  blame  if 
engineering  graduates  have  not  sought  careers  in  that  branch  of  work. 

From  W.  S.  Rodman,  dean  of  engineering,  University  of  Virginia,  Charlottesville,  Va.: 

It  would  seem  to  me  that  the  general  program  of  promoting  closer  cooperation 
between  the  railways  and  training  centers,  such  as  the  engineering  schools  and  uni- 
versities, could  well  be  strengthened,  and  it  is  my  hope  that  we  may  have  among 
our  graduating  group  from  time  to  time  young  men  who  are  inclined  to  enter  the 
railroad  field  as  a  life  work. 

The  University  of  Virginia,  with  its  relatively  small  engineering  school,  is  not  in  a 
position  to  develop  specialized  work  in  the  field  of  railroads,  but  it  is  our  belief 
that  the  solid  background  of  fundamentals  given  our  students  should  serve  as  an 
excellent  foundation  to  prepare  the  students  to  undertake  with  ability  specialization 
in  the  field  of  railroading. 

From  F.  M.  Dawson,  dean,  College  of  Engineering,   State  University   of  Iowa,  Iowa 
City,  Iowa: 

It  seems  to  me  that  the  railroads  have  been  making  a  mistake  for  many  years  in 
that  they  have  not  secured  the  very  best  talent  they  could  without  regard  to  the 
source.  Everyone  knows  that  the  universities  have  no  monopoly  on  talent,  but  by 
the  time  a  man  receives  his  degree  from  a  good  college  of  engineering,  a  decidedly 


Cooperative   Relations   with    Universities 311 

selective  operation  has  taken  place  and  only  the  best  men,  for  the  most  part,  are 
able  to  receive  their  degrees.  Naturally,  even  with  a  degree,  they  may  lack  in  other 
qualifications  which  are  necessary  for  success  in  any  chosen  field  of  work.  We  make 
no  claim  of  being  able  to  develop  men  for  any  type  of  specialized  activity;  we  do 
hope,  however,  to  turn  out  men  who  are  reasonably  well  grounded  in  the  funda- 
mentals. The  fact  that  all  the  large  industrial  concerns  in  the  United  States  are  now 
recruiting  graduates  of  colleges  or  universities  is  indicative  of  the  fact  that  they 
have  found  it  to  their  advantage  to  employ  men  who  possess  a  good  background  of 
technical  training. 

I  have  been  somewhat  disappointed  to  find  the  president  of  one  of  the  large  rail- 
ways, stating  that  "we  all  realize  the  difficulty,  if  not  the  impossibility,  because  of 
the  seniority  rules  contained  in  the  labor  agreements,  of  giving  special  considera- 
tion, insofar  as  promotion  is  concerned,  to  those  with  unusual  attainments,  in  jobs 
controlled  by  the  provisions  of  such  agreements  .  .  .".  Until  the  railroads  do  more 
than  they  have  done  regarding  the  treatment  of  young  engineers  they  will  not  be 
able  to  make  the  progress  they  should  make.  A  definite  relaxing  of  the  regulations 
regarding  seniority  for  those  who  are  in  training  for  specialized  positions  should 
be  encouraged  as  this  will  be  of  great  advantage  to  labor  as  well  as  to  management. 
Having  been  brought  up  in  an  atmosphere  of  railroading,  I  know  how  difficult  this 
may  be.  For  nearly  60  years  my  father  was  connected  with  a  railroad  and  I  well 
remember  hearing  about  various  problems  in  connection  with  seniority  and  the 
rules  of  the  road.  The  railroads  have  suffered  tremendously  because  of  the  hide- 
bound nature  of  some  of  these  old-time  regulations.  I  hope  that  your  committee 
will  do  everything  possible,  in  close  cooperation  with  the  universities,  to  the  end 
that  we  may  be  able  to  interest  superior  men  in  railroad  service. 

From  Thorndike  Saville,  dean,  College  of  Engineering,  New  York  University,  New  York, 
N.  Y: 

Interest  in  railway  engineering  has  just  about  ceased  in  a  large  proportion  of  our 
engineering  colleges.  At  my  own  institution  we  gave  up  a  course  in  railway  engi- 
neering some  years  ago,  because  none  of  our  students  went  into  this  activity,  whereas 
many  of  them  were  going  into  newer  branches  of  engineering.  Students  elect  courses, 
and  consequently  institutions  establish  and  develop  courses  where  the  employers  of 
engineering  services  indicate  that  a  market  for  young  engineers  exists.  Something 
more  than  an  occasional  lecture  is  necessary  to  stimulate  this.  A  real  employment 
program  on  the  part  of  American  railways  would  be  helpful.  I  am  sure  that  you 
are  aware  of  the  visits  which  we  receive  from  such  representatives  of  corporations 
as  General  Electric,  Westinghouse,  and  many  others.  These  companies  have  definite 
employment  programs  for  engineering  students,  and  the  colleges  are  kept  constantly 
on  their  toes  to  train  men  adequate  to  the  needs  of  these  industries.  The  railways 
might  think  this  practice  over  a  little. 

The  College  of  Engineering  at  New  York  University  is  one  of  the  largest  in  the 
United  States,  from  the  standpoint  of  numbers  of  students,  faculty  and  facilities. 
We  try  to  maintain  leadership  in  various  branches  of  engineering,  particularly  in 
those  which  keep  in  touch  with  us,  either  through  more  or  less  regular  employment 
of  our  graduates,  or  through  research,  or  both.  We  have  felt  that  the  field  of  trans- 
portation was  a  subject  by  itself,  and  that  as  we  broaden  our  educational  activities 
in  this  direction,  they  should  be  coordinated  into  the  general  subject,  rather  than 
spread  without  coordination  between  single  courses  in  highway  engineering,  railway 
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engineering,  air  transport  engineering,  etc.  For  some  years  I  have  recommended 
regularly  to  the  Chancellor  that  we  should  correlate  our  offerings  in  the  transpor- 
tation field  into  a  general  transportation  engineering  curriculum.  We  have  made 
steps  toward  this  in  air  transport  engineering,  and  are  increasing  our  emphasis  upon 
highway  engineering.  I  believe  there  is  a  great  future  in  the  general  field  of  trans- 
portation engineering,  in  which  railway  engineering  would  play  its  part,  and  I  am 
anxious  to  see  this  institution  take  a  leading  part  in  this  development. 

From  W.  M.  Cobleigh,  dean  of  engineering,  Montana  State  College,  Bozeman,  Mont.: 

A  comparatively  large  number  of  our  engineering  students  for  some  years  have 
been  the  sons  of  railway  employees  in  Montana.  This  has  been  true  particularly  of 
fathers  who  are  locomotive  engineers.  As  a  result,  a  number  of  our  graduates  have 
found  employment  in  railway  engineering. 

From  L.  S.  Le  Tellier,  head  of  the  Department  of  Engineering,  The  Citadel,  Charleston, 
S.  C: 

It  is  particularly  heartening  to  know  that  the  American  Railway  Engineering  Asso- 
ciation is  taking  such  a  constructive  interest  in  engineering  education.  A  group  of 
us  are  trying  to  arouse  similar  interest  among  the  American  Society  of  Civil  Engi- 
neers. It  is  not  necessary  or  desirable  that  engineering  societies  shall  ever  exercise 
the  same  control  over  engineering  education  that,  for  example,  the  American  Medical 
Association  holds  over  medical  education,  but  it  is  essential  that  the  engineering 
profession  share  a  greater  part  of  the  responsibility  of  educating  and  developing 
young  men  for  more  effective  service.  Your  committee's  statement  of  the  scope  and 
purpose  of  its  work  shows  a  gratifying  awareness  of  this  responsibility. 
The  colleges  need  more  constructive  criticism  of  their  shortcomings  from  organized 
groups  who  are  studying  the  problems  involved,  and  less  random  condemnation  of 
their  deficiencies.  The  problem  of.  deciding  what  sort  of  a  program  of  instruction 
and  training  best  qualifies  men  for  the  exacting  requirements  of  administrative  and 
technological  leadership  is  one  to  which  educators  do  not  have  the  answer.  Any 
attempt  to  approach  an  answer  that  does  not  have  the  full  cooperation  of  organized 
groups  in  the  professions  and  in  industry  is  fore-doomed  to  failure. 
It  is  disquieting  to  find  that  such  questions  as,  "do  they  (college  graduates)  progress 
more  rapidly  than  men  without  a  college  education?",  are  still  asked  and  debated. 
The  fallacy  in  all  such  discussions  is  that  the  whole  college  group  is  being  consid- 
ered, whereas  only  the  top-notchers  of  the  non-college  group  are  under  considera- 
tion. It  may  be  true  that  a  high  percentage  of  railroad  presidents  are  not  college 
graduates  but  it  is  probably  true  that  100  percent  of  the  section  hands  are  also  not 
college  graduates.  College  professors  know  quite  well  that  "education"  is  only  a 
part  of  the  equation  of  a  man.  It  is  no  substitute  for  other  factors  that  go  into  the 
makeup  of  a  man's  effectiveness,  and  it  is  not  at  all  surprising  that  many  youngsters 
with  only  the  skimpiest  of  formal  education  possess  these  other  qualities  in  such 
degree  that  they  easily  outdistance  the  man  with  "education".  Colleges  have  no 
hope  that  they  can  ever  make  every  college  man  better  than  every  non-college  man. 
The  criterion  is  not  whether  we  can  make  the  college  man  better  than  some  other 
man,  but  whether  we  can  help  him  to  improve  on  himself. 

From  W.  R.  Spencer,  College  of  Engineering,  University  of  Arkansas,  Fayetteville,  Ark.: 
Because  of  the  tendency  of  the  railroads  to  offer  employment  to  a  very  small  number 
of  graduates  during  the  last  two  decades,  many  of  the  engineering  schools  with 
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which  I  am  familiar  have  gradually  discontinued  courses  that  deal  with  railroad 
construction,  maintenance  and  operation.  Both  the  railroads  and  the  schools  have 
lost  by  this  action  because  of  the  high  degree  of  precision  required  in  railroad  work, 
a  degree  of  precision  that  is  not  common  to  most  other  types  of  transportation, 
insofar  as  the  civil  engineer  is  concerned. 

From  A.  A.  Potter,  dean  of  engineering,  Purdue  University,  Lafayette,  Ind.: 

I  have  been  very  sorry  that  the  opportunities  in  railroad  service  during  recent  years 
have  been  such  that  our  better  students  have  not  been  attracted  to  the  railroads. 
This  applies  particularly  to  students  in  mechanical  and  electrical  engineering.  In 
fact,  the  number  of  students  who  major  in  railway  mechanical  engineering  and 
railway  electrical  engineering  has  gone  down  to  such  a  small  number  that  we  are 
questioning  the  desirability  of  continuing  special  elective  courses  in  that  branch. 
I  am  very  anxious  to  improve  the  relationship  between  the  railroads  and  the  uni- 
versities and  to  bring  about  a  condition  whereby  a  larger  portion  of  our  better 
students  will  be  interested  in  employment  with  railroads. 

From  W.  S.  Evans,  professor  of  civil  engineering,  University  of  Maine,  Orono,  Me.: 

During  the  last  ten  years,  we  have  had  no  railway  option  in  our  department  of 
civil  engineering  and  I  doubt  if  this  option  could  be  re-established  readily  unless 
we  have  more  students  than  at  present.  Undoubtedly,  the  fact  that  this  and  other 
institutions  gave  up  such  an  option  has  created  a  shortage  of  men  interested  in  and 
trained  for  the  railway  industries. 

From  C.  R.  Young,  dean  of  applied  science  and  engineering,  University  of  Toronto, 
Toronto,  Ont.: 

We  have  gone  through  much  the  same  experience  as  many  of  the  American  engi- 
neering colleges.  For  many  years  we  had  an  option  in  railway  engineering  in  the 
fourth  year  of  our  undergraduate  course,  but  except  for  the  first  few  years  in  which 
it  was  offered  there  were  no  students  taking  the  work  of  the  option.  The  railways 
were  not  employing  graduate  civil  engineers  except  in  very  temporary  capacities 
and  students  systematically  avoided  the  special  study  of  railway  engineering.  The 
only  way  to  make  sure  that  students  will  have  special  training  in  railway  engineer- 
ing or  transportation  is  for  the  railways  to  undertake  to  absorb  graduates  when 
they  are  so  trained.  Students  will  not  take  the  risk  of  specialization  unless  they  are 
fairly  sure  of  an  opportunity  when  they  graduate. 

From  J.  K.  Finch,  associate  dean,  School  of  Engineering,  Columbia  University,  New 
York,  N.  Y.: 

The  problem  which  your  committee  is  considering  is  not  only  vital  to  the  railroads 
but  also  one  in  which  our  department  of  civil  engineering  has  long  been  interested. 
The  nineteenth  century  was  predominantly  an  era  of  transportation  in  which  the 
railroad  was  supreme.  There  was  little  question  as  to  the  field  of  work  which  many 
of  our  Columbia  civils  would  enter — it  was  railroad  location,  railroad  construction 
or  railroad  bridges  and  structures.  Our  course  in  civil  engineering  placed  special 
emphasis  on  railroad  surveying,  railroad  maintenance  of  way  problems  and  stand- 
ards, railroad  operation  and  economics.  These  subjects  were,  thus,  not  only  imme- 
diately useful  to  many  of  our  graduates  but  they  also  offered  an  excellent  vehicle 
for  developing  the  engineering  type  of  mind — for  true  engineering  education.  But  in 
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the  last  30  years  I  have  seen  an  almost  complete  change  of  emphasis  in  our  civil 
engineering  curriculum  and  almost  all  this  railroad  teaching  has  been  abandoned. 
In  part  this  was  inevitable.  The  construction  of  new  lines  has  ended.  The  com- 
petition of  highways,  pipe  lines  and,  more  recently,  airways,  has  been  added  to 
that  of  ocean  and  inland  waterways.  The  railroads  have  been  on  the  defensive  and 
have  been  fighting  what,  apparently,  is  a  battle  to  the  death  with  government  and 
labor.  This  same  period  has  witnessed  the  rise  of  highway  engineering,  the  wide- 
spread development  of  concrete  and  reinforced  concrete  construction  and  of  con- 
tinuity in  structural  design.  Space  had  to  be  found  in  the  educational  program  for 
these  developments  and  "railroading"  suffered. 

We  need  not  worry  too  much,  however,  over  this  changed  emphasis  in  technical 
education — after  all,  the  railroads  want  men  who  are  "self-starters"  and  well  trained 
in  the  fundamentals  of  engineering  thinking.  It  makes  little  difference  what  the 
teaching  vehicle  is — railroads  or  structures  or  highways — so  long  as  the  education  is 
sound.  On  the  other  hand  the  railroads  should  be  vitally  interested  in  what  the 
teaching  and  student  attitude  is  toward  the  transportation  problem  and  the  rail- 
roads in  particular.  This,  unfortunately,  is  not  today  a  "healthy  attitude"  for  the 
future  of  our  railroads.  Our  boys  are  no  longer  "interested"  in  railroads.  I  do  not 
think  we  have  had  a  boy  who  was  "railroad  minded"  in  20  years.  You  cannot 
blame  them.  They  want  to  go  into  fields  which  are  active  and  developing  and  this 
the  railroads  have  not  been. 

I  am  aware  of  the  remarkable  technical  advances  which  did  so  much  to  bring  the 
railroads  back  on  their  feet  after  the  sad  experience  of  government  operation  in  the 
last  war.  I  also  agree  that  the  possibilities  of  technical  improvement  have  not  been 
exhausted  and  realize  that  there  are  still  good  engineering  jobs  for  good  men  in 
railroad  work.  We  are  also  conscious  of  the  fact  that  the  railroad  is  the  backbone 
of  American  transportation. 

To  put  it  bluntly,  the  main  difficulty  is  in  what  many  take  to  be  the  railroad  atti- 
tude or  policy.  In  the  old  days  there  was  always  a  good  job  for  a  graduate — he 
might  not  know,  and  did  not  care  much  about  where  he  was  going,  he  was  on  his 
way.  Competition  is  keener  today  and  our  experience  has  been  that  a  student's  first 
question  is  not  "How  much  does  it  pay?"  but  "What  are  the  future  prospects  of  the 
position  offered?"  What  is  to  be  the  future  of  the  American  railroads? 

The  modern  young  man  wants  to  work  for  a  going  concern.  He  knows  that  the 
railroads  are  a  vital  element  in  the  American  economy,  that  they  have  worth-while 
problems  to  solve,  but  he  cannot  understand  the  apparent  lack  of  constructive, 
inspiring,  forward-looking  policies  on  the  part  of  railroad  management.  You  may 
say  he  is  unreasonable;  you  may  argue  that  he  fails  to  understand  the  difficulties 
of  the  problem — which  are  probably  true.  But  he  not  only  wants  to  be  on  his  way 
but  he  also  wants  to  know  where  he  is  going.  Can  you  blame  him? 

From  R.  L.  Spencer,  dean,  School  of  Engineering,  University  of  Delaware,  Newark,  Del.: 

For  a  number  of  years,  we  have  been  sending  graduates  of  the  School  of  Engineering 
into  railway  work.  These  men  have  been  mostly  civil  and  electrical  engineers.  Most 
of  them  have  gone  with  the  Pennsylvania  Railroad  and  are  doing  very  well. 

It  is  my  hope  that  I  can  interest  more  of  our  mechanical  engineers  in  railway  work. 
We  have  graduates  working  for  the  Baldwin  Locomotive  Works,  but  so  far  as  I 
know,  we  have  not  sent  any  mechanical  engineers  to  work  directly  for  a  railroad. 
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From  L.  O.  Stewart,  professor  and  head  of  civil  engineering,  Iowa  State  College,  Ames, 
Iowa: 

The  Civil  Engineering  Department  of  Iowa  State  College  has  maintained  an  active 
interest  in  opportunities  for  the  employment  of  civil  engineers  with  the  railroads. 
During  the  last  five  years  from  one  to  three  civil  engineering  graduates  have  gone 
with  railroads  each  year.  Furthermore,  we  have  maintained  one  required  course  in 
Railway  Engineering  in  our  civil  engineering  curriculum.  This  is  in  addition  to  the 
almost  universally  required  course  on  Curves  and  Earthwork. 

Some  of  your  members  may  be  inclined  to  underestimate  the  importance  of  having 
an  attractive  program  to  present  to  the  young  engineer  who  is  choosing  his  career. 
Some  railroad  engineers  may  fear  that  this  means  making  the  way  smooth  and  easy 
for  the  young  engineer.  No  educator  has  such  a  thought  in  mind  but  I  am  think- 
ing about  the  desirability  of  a  program  that  will  enable  the  young  engineer  to  see 
that  he  is  to  work  along  lines  that  interest  him  and  that  lead  to  a  definite  and 
attractive  future. 

We  need  only  look  around  in  the  industrial  field  and  at  one  or  two  outstanding 
railroads  to  see  the  significance  of  a  well  thought  out  and  systematic  program  for 
the  recruiting  and  training  of  engineering  graduates.  At  the  present  time  a  large 
percentage  of  our  capable  young  men  are  going  to  college  and  as  a  result  the  relative 
percentages  of  so-called  self-made  men  and  college  graduates  in  important  positions 
of  the  future  is  apt  to  be  quite  different  from  what  it  was  25  years  ago  or  is  even 
at  the  present  time. 

From  H.  B.  Dirks,  dean  of  engineering,  Michigan  State  College,  East  Lansing,  Mich.: 

I  have  been  impressed  by  the  small  number  of  our  graduates  who  enter  the  railway 
transportation  field  and  have  the  feeling  that  lack  of  cooperation  between  the  col- 
leges and  the  railroads  has  been  the  greatest  factor  contributing  to  this  condition. 
Of  our  graduates  in  mechanical  engineering  in  22  years,  I  know  of  only  one  who  is 
with  the  railroads  and  he  is  there  probably  because  his  father  had  been  a  railroad 
man.  Since  we  have  graduated  about  750  mechanical  engineers  during  this  period, 
it  would  seem  that  something  is  radically  wrong. 

It  is  recognized  at  the  time  that  this  report  is  written  (October  1942)  that  the 
economic  and  military  conditions  in  the  United  States  and  throughout  the  world  have 
changed  our  situation  and  that  the  attention  of  all  of  our  institutions  and  students 
therein  are  now  focused  primarily  on  the  world  war;  therefore,  the  normal  trend  of  civil 
pursuits  is  modified  fundamentally  during  the  duration  and  likewise  the  plan  leading 
up  to  a  railroad  engineering  career  is  broken  by  the  imperative  attention  that  is  required 
for  the  training  of  our  men  for  the  armed  forces.  However,  it  is  well  that  this  record 
should  be  made  and  this  material  be  kept  as  reference,  so  that  upon  our  return  to  a 
more  normal  life,  these  expressions  can  be  reviewed  with  benefit. 
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Report  on  Assignment  3 

Develop  Means  of  Bringing  to  the  Attention  of  Railway 
Managements  the  Value  of  a  Technical  Education 

As  a  Qualifying  Factor  for  Young  Men  Desiring  to  Enter  Railway 
Service  with  a  View  to  Advancement 

F.  S.  Schwinn   (chairman,  subcommittee),  J.  B.  Babcock,  W.  C.  Barrett,  T.  A.  Blair, 
R.  E.  Dougherty,  E.  M.  Hastings,  W.  B.  Irwin,  F.  R.  Layng,  J.  M.  Symes. 

Your  committee  submits  the  third  progress  report  as  information. 

It  is  desirable  to  review  briefly  previous  reports  by  stating  that  the  first  progress 
report  (Proceedings,  Vol.  42,  page  157)  was  designed  to  indicate  why  railway  manage- 
ments should  be  interested  in  giving  employment  to  desirable  college  men  and  to  give 
the  candidates  for  such  employment  a  clear  idea  of  what  management  expects  of  and 
offers  to  them;  the  second  progress  report  (Proceedings,  Vol.  43,  page  177)  developed 
the  fact  that  there  is  a  recognized  demand  for  such  men,  the  reasons  for  the  demand 
and  the  extent  of  its  reflection  upon  the  engineering  colleges. 

In  the  present  report,  your  committee  offers  an  extensive  review  of  the  attitude 
taken  by  industry  generally  toward  the  employment  of  college  men.  The  industrial 
groups  contacted  for  this  review  include  steel,  chemical,  automotive,  radio,  telephone, 
airplane,  electrical  equipment,  mining  and  smelting,  retail  merchandising,  oil,  textile, 
machinery,  power,  aviation,  machine  tool,  arms  and  munitions,  scientific  instruments, 
banking  and  construction.  Although  additional  groups  might  have  been  included,  it  is 
thought  that  the  survey  is  sufficiently  extensive  to  be  considered  representative. 

The  information  presented  here  was  furnished  your  committee  prior  to  the  begin- 
ning of  World  War  II  and  therefore  may  be  considered  as  giving  a  normal  picture  of 
the  attitude  of  industry  without  the  abnormal  demands  brought  about  by  war-time 
activities.  For  this  reason,  this  survey  should  have  the  value  of  presenting  the  desir- 
ability of  attracting  college  men  into  railway  service  on  the  basis  of  long-time  planning 
for  and  development  of  the  supervisory  organization  which  will  be  required  under  normal 
conditions,  instead  of  in  the  light  of  the  present  emergency  demands  for  technical  men 
resulting  from  war  conditions. 

Outline  of  the  Survey 

The  survey  covered  all  general  features  of  the  recruiting  programs  of  the  various 
industries,  and  for  identification  and  ready  reference  these  features  are  grouped  as 
follows: 

I    Preliminary  to  Employment 

(a)  Developing  the  student's  interest  in  the  industry. 

(b)  Indicating  the  qualifications  which  the  industry  expects  to  find  in  a  finally 
successful  candidate. 

(c)  Providing  opportunities  for  part  time,  vacation  or  temporary  employment  for 
undergraduate  students. 

(d)  Developing  sufficiently  comprehensive  application  and  rating  forms  for  gaging 
the  general  qualifications  of  the  student. 
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II  At  Time  of  Employment 

(a)  Arranging  for  and  undertaking  personal  contacts  or  interviews  with  candidates, 
either  on  the  college  campus  or  at  the  company's  plant. 

(b)  Selecting  desirable  candidates  from  among  the  applicants,  methods  used  and 
responsibility  resting  upon  the  company's  representative  making  the  selection. 

(c)  Classifying  successful  candidates  for  the  purpose  of  starting  them  at  the  work 
or  in  the  department  for  which  their  education  should  fit  them  the  best. 

III  Following  Employment 

(a)  Training  methods  used  and  training  opportunities  afforded  successful  candidates. 

(b)  Measuring  or  gaging  the  new  employee's  services  and  ability  during  the  train- 
ing period. 

(c)  Advancing  new  employees  during  the  training  period  as  an  incentive  to  in- 
creased efforts. 

(d)  Meeting  the  requirements  of  contracts  and  agreements  with  organized  labor 
groups  in  the  employment  of  technical  or  other  college  men  who  are  not  members  of 
such  groups. 

The  letters,  statements  and  other  data  upon  which  this  report  is  based  were  obtained 
from  27  representative  companies  and  in  some  cases  the  information  furnished  was 
quite  voluminous.  Obviously  it  is  not  practicable  or  desirable  to  quote  this  information 
in  full  and  your  committee  therefore  confines  its  review  and  quotations  to  the  several 
factors  having  a  direct  bearing  upon  the  industrial  recruiting  programs  as  given  in  the 
foregoing  outline. 

The  Recruiting  Program  Preliminary  to  Employment 

Developing  the  Student's  Interest  in  the  Industry 

Many  companies  distribute  books  and  pamphlets  of  a  descriptive  nature  to  colleges 
and  individual  students.  Such  literature  is  designed  to  describe  the  operations  of  the 
industry,  illustrate  the  possibilities  offered  and  outline  the  special  training  given  to  suc- 
cessful graduate  candidates  for  employment.  In  some  cases  this  literature  also  serves  the 
purpose  of  a  reference  book  to  be  used  by  the  student  as  an  aid  in  his  studies.  Examples 
of  such  reference  aids  include  Aluminum  Company  of  America  pamphlets  on  "An  Out- 
line of  Aluminum"  and  "Aluminum  and  its  Alloys"  and  American  Telephone  and  Tele- 
graph Co.  pamphlets  on  "The  Story  of  Western  Electric  and  Bell  Telephone  Labora- 
tories". Similar  equally  interesting  literature  is  furnished  by  the  United  States  Steel 
Corp.,  the  Westinghouse  Electric  and  Manufacturing  Co.,  the  General  Electric  Co.,  the 
Kimberly-Clark  Corp.  (paper  and  paper  specialties),  R.  H.  Macy  and  Co.,  Inc.,  and 
many  others. 

A  number  of  pamphlets  are  addressed  directly  to  the  student  and  describe  the 
opportunities  and  special  training  offered,  as  "The  Du  Pont  Company  and  the  College 
Graduate",  "The  Graduating  Engineer  .  and  Ingersoll-Rand",  Allis-Chalmers  Manufac- 
turing Company's  "Where  Do  We  Go  From  Here"  and  the  Ethyl  Gasoline  Corporation's 
"Engineering  Training  and  Opportunity".  Even  the  most  casual  examination  of  this 
literature  indicates  its  value  as  a  medium  for  initiating  and  holding  the  student's  interest. 
It  is  generally  designed  to  be  instructive  at  the  same  time  that  it  challenges  the  imagi- 
nation and  accelerates  the  initiative  of  the  student.  Very  often  it  is  prepared  in  a  way 
that  attracts  the  type  of  student  that  is  particularly  desired  by  the  industry,  thereby 
greatly  simplifying  the  problem  of  later  selections. 
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Indicating  the  Qualifications  Expected  in  a 
Successful  Candidate  for  Employment 

Some  of  the  pamphlets  mentioned  as  addressed  to  the  student  and  others,  such  as 
"Opportunities  for  Advanced  Training  in  RCA  Manufacturing  Co.,  Inc.",  "Work  and 
Opportunity  in  the  Bell  System"  and  "Your  Opportunities  with  Firestone",  might  be 
described  as  automatically  eliminating  a  lazy  candidate.  At  least  by  inference,  they  give 
the  student  a  clear  idea  of  the  kind  of  man  desired.  Quotations  from  a  few  of  the  in- 
dustrial officers  are  of  interest. 

Kimberly-Clark  Corp.:  "We  specifically  cover  such  items  as  scholastic  attainment, 
ability  to  get  along  with  associates,  evidence  of  leadership  ability,  extra-curricular  activ- 
ities, vacation  or  out  of  school  work  experiences,  interests  and  adaptability".  The  Glenn 
L.  Martin  Co.  ".  .  .  we  look  for  one  with  a  good  background  for  our  type  of  work, 
combined  with  a  cooperative  spirit,  a  mechanically  inclined  mind  which  is  capable  of 
adaptation  to  new  situations,  and  a  definite  interest  in  aeronautical  engineering.  We 
like  a  good  student,  but  high  scholastic  standing  does  not  always  indicate  the  best 
engineer". 

Ethyl  Gasoline  Corp.:  "While  we  do  not  overstress  scholastic  standing,  we  do  feel 
that  it  is  an  important  factor  since  it  indicates  the  ability  of  the  man  to  take  on  a 
problem  and  carry  it  to  its  conclusion.  We  are  interested  only  in  the  men  who  stand  in 
the  first  third  of  their  class  on  a  scholastic  basis.  In  addition  to  this  we  also  seek  out  his 
extra  curricular  activities,  whether  they  be  in  campus  club  life  or  in  sports.  We  feel  that 
such  activities  to  a  large  degree  give  a  definite  indication  of  the  man's  willingness  and 
ability  to  be  with  people  and  to  get  along  with  them  on  a  happy  basis.  Frankly  we  do 
not  look  for  the  high  pressure  sales  type  of  boy,  but  prefer  to  have  one  who  is  evenly 
balanced  and  who  really  enjoys  working  with  people  as  well  as  with  engines.  We  also 
study  the  self-help  the  boy  may  have  obtained  for  himself  by  working  during  school 
terms  or  during  summer  vacations.  We  examine  the  type  of  practical  experience  he  may 
have  gained  through  this  effort,  but  essentially  we  are  interested  in  knowing  whether  he 
is  trying  to  help  himself.  One  other  matter  that  we  discuss  with  the  candidate  is  his 
experience  in  public  speaking." 

R.  H.  Macy  &  Co.,  Inc.:  "The  factors  we  use  in  weighing  the  relative  value  of  our 
prospective  employees  and  without  regard  to  relative  importance  are  scholastic  achieve- 
ment, extra-curricular  activity,  personality,  experience,  enthusiasm,  and  the  ability  to 
think  logically,  express  himself  well  and  to  show  those  qualities  which  we  believe  are 
essential  to  a  successful  retailing  career". 

General  Electric  Co.:  "An  effort  is  made  to  select  men  who  we  think  have  the  best 
all-round  background  for  real  success.  In  making  this  selection  such  factors  as  grades, 
appearance,  speech,  size,  extra-curricular  activities,  family  background,  previous  experi- 
ence, and  the  less  tangible  item  of  personality  are  considered.  .  .  .  Some  few  men  are 
hired  for  outstanding  ability  along  a  particular  line  with  less  attention  being  paid  to 
other  factors  but,  in  general,  it  is  the  favorable  overall  picture  we  prefer".  Ingersoll- 
Rand  Co.:  "In  weighing  the  value  of  prospective  employees,  everything  is  taken  into 
consideration — scholastic  standing,  personality,  activities  on  campus,  physique,  etc.". 
International  Harvester  Co.:  "All  factors  obtainable  are  weighed,  including  scholastic 
record,  recommendation  of  faculty  members,  practical  experience,  aptitude,  personality, 
etc.".  The  Dow  Chemical  Co.:  "If  the  applicant  is  being  selected  for  research,  consid- 
erable emphasis  is  placed  on  his  scholastic  rating  and  his  extra  credits  in  the  fields  related 
to  the  prospective  job". 
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Many  other  quotations  could  be  given  but  the  foregoing  are  sufficiently  indicative 
of  the  expected  qualifications  of  a  successful  candidate.  The  apparent  stress  placed  on 
the  value  of  extra-curricular  activities  would  appear  to  be  out  of  proportion  to  the 
importance  given  other  factors.  But  this  is  readily  understood  when  it  is  recognized  that 
such  activities  reflect  the  student's  interest  in  life  and  in  his  fellow  men  as  well  as  his 
ability  to  undertake  successfully  more  than  may  be  required  by  his  prescribed  course 
of  study. 

Providing  Opportunities  for  Part  Time,  Vacation 
or  Temporary  Employment  for  Undergraduates 

A  large  proportion  of  the  industries  contacted  endeavor  to  give  opportunities  for 
temporary  employment.  What  they  do  and  the  actuating  reasons  for  so  doing  are 
described  best  by  quotations.  Aluminum  Company  of  America:  "Occasionally  we  hire 
young  men  for  summer  work  in  our  various  research  laboratories  and  production  depart- 
ments and  we  have  found  that  this  makes  a  good  training  ground  for  men  who  may 
eventually  come  with  the  company  on  a  permanent  basis".  The  Dow  Chemical  Co.: 
"To  a  limited  extent  we  employ  college  juniors  as  a  means  of  measuring  (them)  for 
permanent  employment  later".  International  Harvester  Co.:  "We  realize  that  there  is 
some  value  in  employing  sophomores  and  juniors  for  summer  work  for  the  purpose  of 
trying  them  out  and  giving  the  students  an  opportunity  to  look  over  our  company". 
Allis-Chalmers  Manufacturing  Co.:  "We  believe  this  (summer  employment)  is  a  good 
idea  because  it  gives  the  employer  an  opportunity  to  see  what  the  boy  can  do  in  case  he 
would  like  to  place  him  after  he  graduates".  The  Glenn  L.  Martin  Co.:  "We  have  several 
undergraduates  employed  here  under  a  cooperative  plan  with  their  colleges,  whereby  the 
students  alternate  between  their  school  and  our  company.  After  graduation  these  men 
provide  excellent  material". 

Kimberly-Clark  Corp.:  "Both  undergraduate  and  graduate  students  are  hired  for 
summer  work.  It  is  primarily  a  recruiting  measure  and  has  proved  an  effective  aid  to 
selection.  The  objectives  are  to  look  over  future  graduates  with  the  purpose  of  eventu- 
ally bringing  those  best  qualified  into  the  organization,  to  train  and  develop  these  indi- 
viduals and  assist  them  in  obtaining  a  background  of  practical  experience,  to  give  them 
a  chance  to  judge  the  opportunities  available  in  Kimberly-Clark;  and  to  avoid  future 
embarrassing  situations  we  try  to  select  vacation  employees  of  this  type  as  carefully  as 
college  graduates  who  are  hired  permanently". 

R.  H.  Macy  &  Co.,  Inc.:  "In  the  past,  we  have  also  selected  a  small  number  of 
juniors  to  form  a  summer  squad.  This  is  done  with  the  thought  in  mind  that  possibly 
preliminary  training  and  grooming  may  result  in  likely  prospects  for  the  following 
year".  General  Railway  Signal  Co.:  "We  have  a  definite  policy  and  encourage  the 
employment  of  college  juniors  during  the  summer  as  a  means  of  selecting  persons  for 
employment  upon  graduation.  This  has  proved  most  helpful,  both  to  the  company  and 
to  the  student.  In  several  instances  we  have  employed  professors  during  the  summer, 
which  of  course  helps  the  university  to  become  better  informed  concerning  our  needs 
and  the  opportunities  for  employment  in  this  field".  American  Telephone  and  Telegraph 
Co.:  "We  do  believe  that  this  practice  (employing  undergraduates  during  the  summer) 
is  of  very  definite  value  in  acquainting  us  with  the  qualifications  of  a  certain  number  of 
men  and  enabling  them  to  learn  something  of  the  business,  both  for  their  own  informa- 
tion and  in  order  that  they  may  talk  about  it  with  their  classmates".  General  Electric 
Co.:  "Whenever  possible  summer  work  is  given  undergraduates.  As  a  rule,  most  of  our 
student  engineers  report  to  work  immediately  after  the  close  of  school  and  this  makes  it 
difficult  to  give  practical  engineering  experience  to  many  juniors.    Several  schemes  are 
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BELL  SYSTEM  INTERVIEW  RECORD 

(THIS   IS  NOT  AN  APPLICATION) 

AMERICAN  TELEPHONE   AND  TELEGRAPH   COMPANY 
OPERATING  TELEPHONE  COMPANIES 

WESTERN    ELECTRIC   COMPANY 
BELL    TELEPHONE    LABORATORIES 

DATE. 
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NAME  — 
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NATIONALITY 
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HEIGHT WEIGHT- 


2     EDUCATION 


NAME  OF  INSTITUTION 


PHOTOGRAPH 


MAJOR  SUBJECTS 


3    COLLEGE  ACTIVITIES 

SCHOLASTIC  HONORS     (honor  societies,  prizes,  teaching  assistantships  while  stuoent.  etc.). 


SUBJECT  OF  THESIS   (IF  REOUIRED  FOR  GRADUATION) 

CAMPUS    ACTIVITIES     (MANAGERIAL.     LITERARY.     MILITARY.     ELECTIVE     OFFICES,     SOCIETY 
BETWEEN  ACTUAL  OFFICES  AND  SUSTAINED  PARTICIPATION   IN  COMPETITIONS   FOR  THEM) 


DPS.      ETC.        PLEASE 


ATHLETIC  ACTIVITIES      (PLEASE    DIFFERENTIATE   BETWEEN    VARSIT1 

PERCENTAGE  OF  COLLEGE  EXPENSES  EARNED  (DURING  TERMS) 

ROUGH  SCHOLARS 

A    NONCOLLFRE  Af.TIVITIFS  Wc'AI    MM  1TARY,  FT'  )      , 

S     EMPLOYMENT  AND  BUSINESS  EXPERIENCE  (INCLUDE  PERMANENT.  COOPERATIVE.  AND  SUMMER  WORK) 

NAME  AND  BUSINESS  OF  EMPLOYER 
(BEGIN  WITH  LATEST    AND   LIST  BACKWARD) 

NATURE  OF  WORK 

DATESlMO.a  YH   1 

FROM 

TO 

6   GENERAL  TYPE  OF  WORK  PREFERRED         forVuture  super 

V,'sORCTTNDDTEc'H^C»rRE°PONST,B","f FERtN"'    *LU  """   OF""   °"ORTUN'TT 

|       TECHNICAL  OPERATIONS     (MANUFACTURING.  CONSTRUCTION. 

1      BUSINESS   OPERATIONS     (COMMERCIAL  CONTACTS.  SUPERVISION  OF 

OPERATORS.  PRODUCTION  CONTROL.  DISTRIBUTION  ) 

J        ENGINEERING    PLANNING     (TECHNICAL  AND  ECONOMIC  CONSIDERATIONS 

1     ENGINEERING   DEVELOPMENT    AND  RESEARCH      (LEADINGTONEWOR 

j        ACCOUNTING    AND    STATISTICS     (METHODS  AND  PRINCIPLES. 

1                                               DEVELOPMENT.  AN  ALY6  IS  AND  INTERPRETATION  OF  FINANCIAL 

AND  ADMINISTRATIVE  DATA.  COST  ACCOUNTING) 

— 1     OTHER  PREFERENCE 

LOCATION  PREFERRED   (give  city,  state  or  section  of  u.  3  >_ 
WOULD  PREFER'TO  BEGIN  WORK  ABOUT  (OATE)_ 
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THIS  SIDE  NOT  TO 

BE  FILLED  OUT  BY  STUDENT 

COLLEGE    RECORD 

«™«t 

"than" 

A«HA« 

A»«A« 

REMARKS 

SCHOLASTIC  STANDING 

PERSONAL  QUALIFICATIONS 

STAMP  OH   WRITE  COMPANY    OB   INTERVIEW  EPS'   INITIALS  OVER  COLUMNS  BELOW 

INTERVIEWERS'    NOTES                                                                                                                         system 

TECHNICAL  OPERATIONS 

BUSINESS  OPERATIONS 

ENGINEERING  PLANNING 

ENGINEERING  DEVELOPMENT 
AND   RESEARCH 

ACCOUNTING  AND  STATISTICS 

1. 

2. 

3. 

Reverse  Side  of  the  Form  Reproduced  on  the  Opposite  Page. 

being  worked  on  to  circumvent  this  difficulty.  One  is  through  the  cooperative  plan  with 
Massachusetts  Institute  of  Technology  and  Northwestern  University.  Another  is  a  plan 
worked  out  with  Rensselaer  Polytechnic  Institute  whereby  we  are  giving  employment  to 
juniors  from  April  1  to  July  1.  The  juniors  will  return  to  school  in  July  and  graduate 
the  following  June".  Illinois  Bell  Telephone  Co.:  ".  .  .  we  have  employed  a  few  care- 
fully selected  jun;ors  from  the  engineering  schools.  These  young  men  are  employed  in 
craft  jobs,  in  maintenance  or  installation.  No  commitment  is  made  regarding  permanent 
employment  after  graduation.  This  plan  has  resulted  in  the  permanent  employment  of 
some  very  well  qualified  men". 

This  is  one  of  the  recruiting  methods  frequently  adopted  by  the  industries  con- 
tacted and  is  designed  to  assist  in  interesting  the  best  available  men.  It  appears  to  be 
highly  successful  where  used.  It  is  noticeable  that  some  employers  stress  the  care  with 
which  temporary  employees  are  selected.  Such  action  seems  to  be  very  logical  and  in 
line  with  the  effort  to  give  permanent  employment  only  to  those  students  who  are  best 
fitted  for  the  particular  industry's  needs. 

Developing  Sufficiently  Comprehensive  Application  and  Rating 
Forms  for  Gaging  the  General  Qualifications  of  the  Student 

Many  industries  go  beyond  the  ordinary  type  of  application  form  when  employing 
technical  men  who  may  later  become  eligible  for  supervisory  positions.  In  some  cases 
the  form  used  is  known  as  an  "employment  information  record",  "interview  record"  or 
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PHYSICAL  CONDITION  (n 


.  RELIGIOUS  PREFERENCE- 


YOUR  BIRTHPLACE 
IF  FOREIGN 
BORN  CIVE:      DATE  OF  ENTRY. 


MOTHER'S  BIRTHPLACE 


-PORT  OF  ENTRY. 


(•HAPSHOT  aATItFACTMIv) 


.  DATE  OF  BIRTH- 


IF  NATURALIZED, 


:  OF  SHIP. 
3  STATE 


EDUCATION 

NO.  OF 
YEARS 

GRADUATED 
YES        NO 

LEFT 
SCHOOL 

DEGREE 
REC'D 

SUBJECT  OF 
SPECIALIZATION 

NAME  OF 
INSTITUTION 

PROFESSORS  UNDER 
WHOM   YOU  MAJORED 

HIGH  SCHOOL. 

COLLEGE  OR 
UNIVERSITY 

UNIVERSITY 
GRAD.  SCHOOL 

TRADE.  BUS.,  NIGHT 
OR  CORP.  SCHOOL 

THESIS  (SUBJECT) 


COLLEGE  ACTIVITIES 

SCHOLASTIC  HONORS  (HONOR  SOCIETIES.  PRIZES.  COMPETITIVE  SCHOLARSH 


UPS  WHILE  STUD 


CAMPUS  ACTIVITIES  (MANAGERIAL.  LITERARY  AND  EDITORIAL,  ELECTIVE  OFFICES.  SOCIETY  AND  FRATERNITY  MEMBERSHIPS.  ETC.). 


EMPLOYMENT  AND  BUSINESS   EXPERIENCE  (include  full  time  permanent,  cooperative  or  summer  work) 

NAME  OF  ORGANIZATION  OR  EMPLOYER 

NATURE  OF  WORK 

DATES  (MO.  a  VR.) 

FROM 

TO 

%  COLLEGE  EXPENSES  EARNED- 


_CAN  BEGIN  WORK  ABOUT<DATE>_ 


REFERENCES         COLLEGE  PROFESSORS  OR  EMPLOYERS  PREFERRED  (DO  NOT  USE  NAMES  OF  RELATIVES) 

NAME 

ADDRESS 

BUSINESS  OR  POSITION 

KNOWLEDGE  OF  FOREIGN  LANGUAGES 

GENERAL  TYPE  OF  WORK  PREFERRED 

LANGUAGE 

CONVERSE 
READ 

WELL 

FAIRLY 
WELL 

WELL 

FAIRLY 
WELL 
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Name- 


Personnel  Interview  Report 


Date- 


University. 


COURSE 

DEGREE  -  Bachelor's 


Master's 


Ph.D. 


CLASS  STANDING 

Average  out  of 

HONORS: 

Phi  Beta  Kappa 

Sigma  Xi 

Tau  Beta  Pi 

Phi 

Kappa  Phi 

Other 

PERSONALITY 

Dominant 

Negative 

Excellent 

Strong 

Quiet 

Good 

Affable 

Fair 

Commonplace 

Colorless 

Passive 

Pleasing 

PHYSIQUE  -  Athletic 

Heavy 

Average 

Slight 

Stocky 

HEIGHT      -  Tall 

Short  average 

Tall  average 

Short 

POISE  &  MANNER 

Confident            Ordinary 

Awkward 

AGE 

MATURITY  -  Unusual  for  age 

Normal 

Insufticien 

ENERGY     (Physical  encrsy) 

1-2-3 

- 

4-5 

INITIATIVE  IN  CONVERSATION 

1-2-3-4 


AGGRESSIVENESS    <A5i,it>' ">  <f «*™iy jmnoa  ideas 

and  personality  on  others) 

1-2-3-4-5 


DOES  HE  SHOW  PROMISE  ? 

1-2-3-4 


GENERAL  FIRST  IMPRESSION 

1-2-3-4 


FINAL  IMPRESSION 
1-2-3 


COMMENTS 


ACADEMIC   STANDING 
(By  Fifths) 


_*-cfl#   /                                / 

1 

1 

_— "^«»<»r  /tyre/iee    / 

2- 
i 
4- 

GOOD      fH/CRRCt 

5 

y 

6- 

^/ 

7 

f)V£RR6£ 

8 

9 

1          2         »        A         5        6 

1 1 1 1 1 1. 

7           « 

1             1 

3 

EXTRACURRICULAR  ACTIVITY 

(Campus  Activities  and/or  Self-Support) 

•  CONSIDERABLY  ABOVE  AVERAGE 

Explanation:  By  marking  points  on  sides  of  the  square  indicating  the  candidate's  qualifications 
ting  opposite  points  by  lines,  his  all-round  rating  by  the  interviewer  is  visually  repre- 
sented by  the  intersection  of  the  lines. 


FITTED  FOR 

Production 

Sales 

Research 

Development 

Control 

Plant  Eng.  Staff 


INTERESTED  IN 

Production 

Sales 

Research  -  Fund. 

Research  -  Applied 

Development 

Control 

Plant  Eng.  Staff 
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International  Harvester  Company 

STUDENT  EXECUTIVES'  COURSE 
EMPLOYE'S  PROGRESS  REPORT 
Note:    Part  "A  '  to  be  filled  in  by  employe. 

"A" 

NAME 

WORKS Month  Ending 19 

GIVE  COMPLETE  ACCOUNT  OF  WORK  ACCOMPLISHED  SINCE  LAST  REPORT. 

Include — Report  of  work  done;  suggestions  and  criticisms  of  methods  and  practices;  books  and  technical 
journals  read;  and  special  study, — night  school  or  correspondence  school. 
(Employe  may  attach  additional  sheets  if  necessary.) 

EMPLOYE'S  REPORT 


Heading  for  the  Employe's  Report  Form. 

"information  record",  to  distinguish  it  from  the  ordinary  application  for  employment. 
Typical  samples,  furnished  to  your  committee  by  the  Bell  System  and  E.  I.  DuPont  de 
Nemours  &  Co.  are  reproduced  here.  In  the  Bell  forms,  the  reverse  side  is  used  for  sup- 
plying the  interviewer's  rating  of  the  student.  DuPont  uses  a  "Personal  Interview  Report" 
which  is  of  special  interest  because  of  the  means  used  in  establishing  the  student's  all- 
round  rating  by  the  interviewer. 

Also  of  interest  and  reproduced  are  two  of  a  series  of  forms  used  by  the  Interna- 
tional Harvester  Co.  in  connection  with  its  students  executives'  course,  namely,  "em- 
ployee's progress  report"  and  "resume  of  employee's  progress".  Further  reference  is  made 
to  this  'course  in  a  following  section  of  this  report. 

The  purpose  of  these  reproductions  is  to  illustrate  the  type  of  information  concern- 
ing the  prospective  technical  employee  and  the  method  used  by  a  few  representative 
industries  in  rating  such  prospects. 

The  Recruiting  Program  at  Time  of  Employment 

Arranging  for  and  Undertaking  Personal 
Contacts  or  Interviews  with  Candidates 

Almost  without  exception,  the  representative  companies  of  the  leading  industries 
which  might  be  expected  to  be  interested  in  the  employment  of  technical  graduates 
arrange  for  carefully  planned  personal  interviews  with  the  prospects.  This  was  the 
general  practice  adopted  by  all  companies  contacted.  A  few  of  the  comments  in  connec- 
tion with  this  phase  of  this  report  are  quoted  for  the  purpose  of  indicating  the  extent 
to  which  this  practice  is  followed  by  companies  which  have  adopted  it. 

The  Dow  Chemical  Co.:  "The  college  men  are  employed  both  by  interviews  on 
college  campuses  and  ...  at  the  Midland  plant;  however,  the  majority  of  the  employ- 
ment is  done  through  contact  with  colleges".  International  Harvester  Co.:  "Initial  inter- 
views with  students  are  arranged  through  personal  contact  at  the  universities  or  by, 
calling  ...  at  one  of  our  manufacturing  plants".  RCA  Manufacturing  Co.,  Inc.:  ".  .  . 
after  a  preliminary  interview  at  the  college,  we  arrange  for  further  interviews  at  the 
Camden  plant  and  we  pay  the  railroad  coach  fare  of  the  selected  applicants". 
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'B" 


To  be  filled  in  by  Foreman  of  Department  in  which  employe  is  being  trained  at  this  time. 

FOREMAN'S  REPORT 


Consider  the  following  questions  regarding  the  employe  and 

base  your  rating  on  your  own  direct  knowledge  of  bis  performance 

in  your  department. 

Indicate  Rating  by  a  Cbeck  Mark  (  V ) 

HIGH 

AVERAGE 

POOR 

1.    Is  he  quick  to  learn?                                                              * 

2.    Is  he  industrious!1 

3.    Does  he  produce  work  of  high  quality  ? 

4.     Does  he  co-operate  with  superiors  and  fellow  workmen? 

5.'   Has  he  a  good  personality  ? 

O.     Is  he  well  informed  on  his  present  and  related  jobs? 

Based  on  your  ratings  of  the  different  qualifications  listed  above,  what  is  your  general  rating  of  this  employe? 
Place  check  mark  ( V )  in  proper  □  on  line  below: 


Excellent  □ 
Remarks: 


Above  Average  □ 


Average  □ 


Below  Average  Q 


Poor  □ 


Foreman's  Signature 


'C" 


SUPERINTENDENT'S  REPORT 


(a)     Number  of  months  in  training- 


(b)  Do  you  recommend  that  he  be  continued  in  the  training  course?- 

(c)  Has  he  any  outstanding  qualifications? 


*(d)    Is  he  attending  night  school  or  taking  a  course  of  supervised  home  or  shop  etudy?_ 

(e)     Earnings:    Weekly  Average Hourly  Average 

Remarks: . 


•Refers  to  students  who  have  not  had  technical  training. 


The  International  Harvester  Company  Provides  this  Form  for  Reports  by 
Superintendents  and  Foremen. 
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International  Harvester  Company 

STUDENT  EXECUTIVES'  COURSE 
RESUME    OF    EMPLOYE'S   PROGRESS 


EMPLOYE'S  FULL  NAME- 
AGE HEIGHT- 


IN  COURSE- 


NUMBER   OF 
DEPENDENTS- 


PHYSICAL  CLASSIFICATION:       A_ 


_C PLACE  OF  BIRTH- 


RELIGIOUS 

DENOMINATION- 


SCHOOL 

timeNaVtended               year  finished 

GRADUATED 
(YES  OR  NO) 

COURSE.  PROFICIENCY.  DEGREE.  ETC 

OKAMMAR  SCHOOL  AT 

H.OH.CHOOL.T 

COLLEGE  OR  UNIVERSITY 

COMMERCIAL.  OR  TECH.  SCHOOLS; 
CORRESPONDENCE  COURSES,   HTC. 

SUMMARY  OF  TRAINING   TO   DATE 


NAME   OF 

NAME   OF 
DEPT.    HEAD 

DEPARTMENT  HEAD'S  RATING  OF  STUDENT 

BRIEF  OP  DEPARTMENT  MEAO'S 

DEPARTMENT 

EXCEL-         ABOVE                                  BELOW 
LENT       AVERAGE    AVERAGE  AVERAGE       POOR 

REMARKS  ON  THE 
MONTHLY  REPORTS 

DDDDDDDDDDDD 

nnDnnnnnnnnn 
nnnnnnnnnnnn 
nnnnnnnnnnnn 
nnnnnnnnnnnn 

REMARKS- 


SUPERINTENDENT'S  REPORT 


NAME  EMPLOYE'S   PROMOTIONAL   POSSIBILlTIES__*_ 

HAS  HE  ANY  OUTSTANDING  QUALIFICATIONS? u_ 

NAME  KIND  OF  WORK  HE  WILL  PROBABLY  QUALIFY  FOR- 
WILL    HE    BE    CONTINUED   IN  TRAINING? - 


SV*ERIMTENDKMT-a   •IOIUT1JM 
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International  Business  Machines  Corp.:  "Managers  of  our  local  offices  make  the  pre- 
liminary interviews  at  the  colleges  in  their  territory;  the  students  selected  by  them  are 
further  interviewed,  usually  by  a  Divisional  Manager  .  .  .  Personal  interviews,  plus  the 
giving  of  various  tests  are  followed  in  our  selection,  the  latter  point  applying  particularly 
to  men  being  considered  for  technical  work".  Consolidated  Aircraft  Corp.:  "In  general, 
we  never  hire  applicants  without  a  personal  interview.  Consequently,  each  March  we 
contact  the  placement  agencies  of  those  universities  that  have  appropriate  graduates  and 
arrange  for  personal  interviews  with  selected  candidates  to  take  place  at  the  respective 
schools.  .  .  .  Our  personal  representatives  have  the  authority  to  employ  or  reject  the 
applicant  as  dictated  by  their  judgment  without  recourse  to  formal  tests  of  any  kind". 

Ethyl  Gasoline  Corp.:  "We  arrange  through  a  member  of  the  engineering  faculty 
or  the  college  personnel  officer  to  interview  the  students  on  a  definite  day.  When  we 
find  men  who  seemingly  fit  our  needs,  we  immediately  discuss  them  with  the  faculty 
members.  ...  If  the  faculty  opinion  coincides  with  ours  in  most  respects,  we  feel  that 
we  have  a  man  to  whom  we  can  make  an  offer.  .  .  .  We  make  the  offers  in  writing 
about  ten  days  after  talking  with  them  and  then  we  allow  about  two  weeks  more  for 
them  to  reach  a  decision.  .  .  .  We  do  not  start  our  recruiting  work  until  about  January 
of  each  year  ...  as  it  is  our  belief  that  students  are  more  interested  in  obtaining  per- 
manent employment  from  January  on  rather  than  earlier  in  the  year". 

Aluminum  Company  of  America:  ".  .  .  the  man  at  the  college  arranges  our  inter- 
viewing schedule  and  fines  up  candidates  of  the  particular  academic  qualifications  which 
we  have  outlined.  .  .  .  Interviews  are  conducted  in  the  schools  by  a  member  of  the  per- 
sonnel division  plus  a  plant  supervisor.  We  do  not  hire  any  men  at  a  first  interview  .  .  . 
because  we  do  not  feel  that  we  can  judge  a  man  and  his  qualifications  for  a  particular 
job  in  a  15-minute  interview.  The  outstanding  candidates  interviewed  at  the  various 
schools  are  sent  to  one  of  our  plants  for  further  interviews  with  various  members  of  our 
plant  organization.  Any  offer  of  employment  comes  as  a  result  of  the  second  interview. 
These  plant  trips  are  at  the  expense  of  the  company". 

Kimberly-Clark  Corp.:  "Recruiting  contacts  with  college  faculties  usually  begin  in 
December  and  continue  as  late  as  April.  A  member  of  the  Industrial  Relation  staff  inter- 
views prospects  on  the  campus.  Selected  candidates  are  usually  invited  to  the  company's 
central  offices  for  further  interview  with  staff  and  mill  supervisors  concerned.  The  im- 
pressions of  these  supervisors  form  a  basis  for  the  final  decision.  Definite  decisions  are 
given  as  soon  as  possible  after  interviewing  a  candidate.  Unsuccessful  candidates  are 
notified  accordingly". 

The  National  City  Bank:  "It  was  our  custom  to  go  out  to  the  universities  and 
interview  seniors  who  were  interested  in  banking  and  from  this  group  we  selected  the 
members  of  training  group.  These  trips  were  made  in  the  spring  and  we  contacted  the 
.  .  .  colleges  before  hand  in  order  that  they  might  arrange  a  schedule  for  us.  .  .  .  Last 
year  (1940)  we  renewed  this  activity  and  we  have,  again  this  spring,  sent  a  man  out  to 
the  universities  in  New  England  and  through  the  middle  west".  R.  H.  Macy  &  Co.,  Inc.: 
"When  our  representative  visits  the  colleges,  the  placement  officer  arranges  a  group  meet- 
ing for  him  to  talk  to  those  applicants  (seniors)  who  are  interested  in  a  retailing  career. 
Following  these  group  meetings,  individual  interviews  are  granted  all  applicants.  .  .  . 
The  representative  selects  the  best  qualified  for  the  purpose  of  arranging  a  visit  to  our 
store  for  further  interviews.  After  the  second  series  of  interviews  a  final  decision  is 
made". 
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General  Electric  Co.:  "Some  time  during  the  second  half  of  the  school  year,  repre- 
sentatives call  at  the  schools  and  have  personal  interviews  with  those  students  interested 
in  working  for  our  company.  ...  At  the  completion  of  the  personal  interviews,  offers 
are  made  to  all  likely  prospects  within,  of  course,  a  prc-set  quota".  Westinghouse  Electric 
and  Manufacturing  Co.:  "Appointments  to  the  Graduate  Student  Course  normally  are 
made  after  interviews  by  Westinghouse  representatives  on  the  various  college  campuses. 
Campus  visits  are  arranged  for  the  early  months  of  each  year  by  the  Technical  Employ- 
ment and  Training  Department  and  interviews  are  conducted  by  the  personnel  of  that 
department  with  the  assistance  of  fepresentatives  of  the  Engineering,  Manufacturing  and 
District  Sales  organizations.  In  1941  approximately  4,000  engineering  seniors  were  inter- 
viewed by  98  Westinghouse  representatives  on  105  college  campuses". 

Selecting  Candidates,  Methods  Used  and 

Responsibility  Resting  upon  the  Company's  Representative 

Preceding  paragraphs  include  considerable  data  regarding  the  type  of  man  generally 
considered  to  be  a  desirable  candidate  and  the  report  on  interviews  also  describes  some 
of  the  methods  used  in  making  selections.  In  connection  with  these  undertakings,  cer- 
tain very  definite  responsibilities  frequently  are  placed  upon  the  company  representa- 
tives. These  responsibilities  are  forcefully  outlined  in  "Procedure  Governing  Induction  of 
College  Graduates  into  Contract  Companies  of  the  United  States  Steel  Corporation  of 
Delaware".  The  following  quotations  are  taken  from  this  source  as  representative  of  the 
general  attitude. 

The  basic  purpose  of  this  program  has  been  to  make  selection  and  satisfactory 
employment  the  result  of  deliberate  planning  and  has  resulted  in  the  induction 
into  the  business  of  a  reserve  of  competent  manpower  from  which  positions  of 
responsibility  may  be  filled  as  they  occur. 

It  has  been  generally  agreed  that  the  maintenance  of  this  reserve  is  essential  and 
that  the  contract  companies  of  the  United  States  Steel  Corporation  of  Delaware 
must  continue  to  attract  their  share  of  the  most  promising  men  from  each  gradu- 
ating class. 

It  is  important  that  recruiting  representatives  be,  whenever  possible,  mill  and 
office  executives.  Having  executives  participate  in  the  recruiting  activities  enables 
them  to  obtain  a  firsthand  picture  of  the  graduating  talent  available  and  will  aid 
them  in  administering  appropriate  development  programs  for  these  men,  particu- 
larly in  their  early  years  of  employment. 

Representatives  on  the  recruiting  committees  should  be  rotated  with  sufficient 
frequency  to  enable  the  maximum  number  of  executives  to  participate  each  year. 
It  should  be  remembered  that  to  the  faculty  and  student  bodies  of  the  colleges 
visited,  members  of  the  recruiting  committees  represent  the  entire  United  States 
Steel  Corporation.  In  addition  to  the  matter  of  securing  the  proper  number  of 
trained  college  graduates,  therefor,  the  impact  of  these  contacts  on  colleges  and 
college  groups  is  of  major  importance. 

Offers  of  employment  may  or  may  not  be  made  at  the  time  of  interview,  dependent 
upon  the  authority  vested  in  such  representative  by  his  company.  It  is  particu- 
larly important  that  company  opportunities  not  be  oversold  to  candidates,  thereby 
creating  abnormal  expectations  for  promotion  and  causing  undue  discouragement 
and  turnover  after  employment. 
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Classifying  Successful  Candidates 

Considerable  care  is  exercised  by  many  companies  with  the  view  of  selecting  the 
best  fitted  man  for  the  particular  position  to  be  filled.  A  few  selected  quotations  on  this 
phase  of  the  subject  should  be  helpful. 

The  Dow  Chemical  Co.:  "Regarding  the  weighing  of  the  relative  values  of  an 
applicant,  if  the  applicant  is  being  selected  for  research,  considerable  emphasis  is  placed 
on  his  scholastic  rating  and  his  extra  credits  in  the  fields  related  to  the  prospective  job. 
Probably  scholastic  rating  is  our  most  important  factor  in  all  employment;  however,  for 
the  service  type  work  and  sales  work  the  personality  factor  is  the  more  important". 
International  Harvester  Co.:  "We  have  for  quite  a  number  of  years  employed  college 
graduates  annually  for  various  positions  in  our  manufacturing  plants.  Such  men  are 
enrolled  for  specific  positions  in  such  departments  as  tool  designing,  time  study,  industrial 
relations  and  accounting.  Others  are  employed  for  our  student  executives'  course". 

RCA  Manufacturing  Co.,  Inc.:  "We  arrive  at  a  rating  for  various  traits  and  past 
accomplishments.  The  general  desirability  of  the  applicant  as  an  employee  is  taken  as  an 
average  of  ten  items:  Character,  intelligence,  energy,  personality,  appearance,  initiative, 
dependability,  grades  in  school,  extra-curricular  activities  and  experience.  His  fitness  for 
a  particular  opening  is  determined  by  an  evaluation  of  his  specific  background  and  in- 
terest, after  which  the  degree  of  indorsement  for  a  particular  opening  is  determined". 
R.  H.  Macy  &  Co.,  Inc.:  ".  .  .  it  should  be  said  that  before  final  employment,  each 
applicant  is  thoroughly  interviewed  by  various  persons  in  the  store,  for  example,  an 
executive  vice-president,  a  merchandise  councillor,  a  buyer  or  management  executive. 
It  is  only  after  these  interviews  that  the  decision  is  made  as  to  whether  or  not  the  person 
is  qualified  to  fit  into  the  organization".  Westinghouse  Electric  and  Manufacturing  Co.: 
"Applicants  are  viewed  with  the  actual  needs  of  the  company  in  mind  and  those  who 
have  particular  desires  as  to  design,  manufacturing,  research,  commercial  and  other 
activities  are  classified  accordingly". 

The  Recruiting  Program  Following  Employment 

Training  Methods  Used  and  Training  Opportunities  Afforded 

In  almost  all  cases,  the  companies  offer  extensive  training  courses  to  better  qualify 
the  new  employees.  As  the  type  and  range  of  such  courses  vary  considerably,  a  few  are 
outlined  briefly: 

International  Harvester  Co.:  "Our  student  executives'  course  is  a  2-year  training 
period,  during  which  students  spend  12  months  in  shop  departments  receiving  working 
experience  on  principal  operations;  6  months  in  staff  departments  such  as  engineering, 
production,  industrial  relations,  etc.,  and  the  final  6  months  on  work  that  will  be  espe- 
cially beneficial  to  them  on  the  work  to  which  they  are  to  be  assigned  at  the  time  of 
completion  of  the  2-year  training  period".  Ingersoll-Rand  Co.:  "The  course  has  a  length 
of  approximately  11  months — months  spent  by  the  student  in  mastering  technical  details 
which  are  necessary  to  an  intelligent  and  comprehensive  understanding  of  the  company's 
different  products.  ...  By  the  time  the  student  has  completed  his  11  months'  training, 
he  should  be  ready  to  enter  the  particular  field  of  service  for  which  he  has  been  found 
best  fitted". 

The  Standard  Oil  Co.  of  New  Jersey  provides  a  number  of  courses  under  its 
employee  training  program,  including  one  particularly  designed  as  a  training  program 
for  technical  graduates.  The  course  lasts  about  six  months  and  includes  suitable  work 
in  three  New  Jersey  refineries  and  in  the  offices  and  laboratories  of  the  Standard  Oil 
Development  Co.  This  work  is  supplemented  by  six  hours'  weekly  class  room  work  (on 
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the  student's  own  time)  and  nine  inspection  trips  to  the  refineries  during  the  period 
of  the  course. 

The  Ethyl  Gasoline  Corporation's  training  course  for  engineering  college  graduates 
consists  primarily  of  work  in  the  engineering  department  of  the  research  laboratories, 
and  some  time  is  spent  in  the  gasoline  inspection  testing  laboratories.  The  course  lasts 
one  year,  during  which  each  man  in  training  spends  approximately  one  month  on  each 
of  12  different  projects. 

The  United  States  Steel  Corp.  of  Delaware:  "The  proper  development  and  training 
of  new  employees,  however,  is  essential  to  their  success.  The  development,  training  and 
follow-up  of  college  graduates  hired  by  each  company  will  be  in  accordance  with  what- 
ever plan  that  company  may  adopt  to  meet  its  particular  needs.  The  first  six  months  of 
employment  should  constitute  a  probationary  period  during  which  the  new  employees 
will  be  required  to  demonstrate  ability  for  future  development.  New  employees  should, 
where  practicable,  be  rotated  within  one  or  more  divisions  during  the  training  period, 
and  should  be  assigned  to  specified  work  on  regular  occupations  in  order  that  they  may 
gain  a  broad  knowledge  of  operations  through  first-hand  experience".  Allis-Ch aimers 
Manufacturing  Co.:  "Our  program  is  one  of  two  years'  duration  and  is  only  open  to 
engineering  graduates  of  recognized  schools  of  technology.  We  do  not  have  a  definite 
outlined  program  to  begin  with  but  place  the  boys  in  the  various  departments  of  the 
shop  and  rotate  them  from  one  department  to  another,  giving  them  the  opportunity  to 
select  the  type  of  work  which  they  would  desire  to  follow.  Most  of  the  boys  make  up 
their  minds  within  six  months  to  a  year.  Once  their  mind  is  made  up  and  it  is  agreeable 
to  us,  their  course  is  definitely  lined  up  leading  toward  the  field  which  they  eventually 
desire  to  specialize  in". 

The  General  Electric  Co.  reports  that  it  has  been  the  practice  to  assign  to  the 
testing  department  the  young  men  who  come  to  the  company  after  their  graduation  from 
engineering  colleges.  Normally  12  to  IS  months  are  spent  in  this  department,  during 
which  time  the  men  are  transferred  from  section  to  section  in  order  to  give  them  broad 
experience  with  a  variety  of  apparatus  to  supplement  their  college  training  and  also  to 
give  them  the  opportunity  of  becoming  familiar  with  new  equipment  of  the  latest  types. 
These  so-called  "test"  men  are  offered  a  general  course  of  training  in  business  and  in 
mechanical  or  electrical  engineering,  depending  on  their  preferences.  This  course  provides 
basic  training  for  the  design,  manufacture,  application,  sale  and  operation  of  electric 
and  mechanical  apparatus.  The  company  has  also  established  a  course  of  sales  engineer- 
ing for  "test"  men.  This  course  extends  for  three  years  and  provides  practical  experience 
which  prepares  students  to  handle  efficiently  engineering  problems  that  will  confront  them 
in  sales  engineering  work.  An  advanced  course  in  engineering  is  also  offered  to  a  selected 
group  of  "test"  men  who  excel  in  analytical  ability,  to  train  these  men  to  apply  basic 
physical  principles  to  the  solution  of  new  and  important  engineering  problems. 

It  will  be  noted  that  each  company  prepares  a  training  course  designed  to  meet  its 
particular  requirements.  Additional  methods  might  be  described  which  differ  greatly  in 
detail  but  the  essential  purpose  in  all  cases  is  the  same.  They  are  designed  to  assist  the 
student  in  learning  to  make  practical  application  of  his  college  training,  to  interest  and 
familiarize  him  with  the  company's  several  functions  or  departments  and  to  develop 
him  into  a  desirable  addition  to  the  company's  organization. 

Gaging  the  New  Employee's  Services  and  Ability 

Means  for  measuring  or  gaging  the  service  and  ability  of  the  new  employee  are 
provided  by  most  of  the  industries  contacted  and  some  place  a  great  deal  of  importance 
upon  this  follow-up  of  the  student's  progress.  The  Du  Pont  Company  recognizes  that 
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the  transition  from  the  university  to  the  industrial  atmosphere  is  a  difficult  one  and 
demands  the  exercise  of  patience  and  persistence.  Further  comment  follows:  "There  will 
be  times  when  it  seems  a  far  cry  from  a  chemical  engineering  degree  at  a  leading  univer- 
sity to  a  minor  job  of  a  manual  nature  in  a  busy  plant.  It  does,  however,  take  consider- 
able time  for  a  man,  no  matter  how  well  educated,  to  adjust  himself  to  his  new  mode 
of  living  and  working,  and  to  develop  in  his  superiors  and  associates  confidence  in  his 
ability". 

The  Standard  Oil  Company  of  New  Jersey  reports  that  a  complete  set  of  records 
is  kept  by  the  coordinator  of  student  training  showing  (1)  job  assignments  and  ratings, 
(2)  attendance,  (3)  classroom  ratings,  and  (4)  a  general  running  report  covering  the 
entire  program.  The  United  States  Steel  Corporation  of  Delaware  advises  that  new 
employees  should  be  rated  at  least  twice  during  the  six  months'  probationary  period  and 
at  least  once  each  year  thereafter;  also,  that  central  employment  records  should  be  kept 
for  all  such  employees  and  should  include  such  data  as  will  disclose  turnover,  reasons 
therefor,  progress,  advancement  and  other  pertinent  information.  The  Kimberly-Clark 
Corp.  reports  that  it  maintains  an  up-to-date  work  history  record  for  each  understudy 
(student)  and  that  his  record  includes  copies  of  all  correspondence,  performance  analyses, 
periodic  reports  and  information  covering  understudy  moves  in  the  mills  or  staff 
departments. 

In  its  very  comprehensive  educational  program,  the  Westinghouse  Electric  and  Manu- 
facturing Co.  requires  that  all  students  prepare  formal  reports  in  connection  with  each 
shop  or  office  assignment.  This  requirement  acts  to  stimulate  improvement  in  power  of 
observation,  ability  to  organize  one's  thinking  and  capacity  for  concise  and  accurate 
written  expression.  Each  report,  as  completed,  is  criticized  and  becomes  the  basis  of  a 
conference  between  the  individual  student  and  the  director  and  a  grade  is  entered  for 
the  report.  Students  with  RCA  Manufacturing  Company  are  graded  periodically  during 
their  work  assignments,  on  their  weekly  reports  and  in  each  class.  Each  student  is  re- 
quired to  maintain  a  high  rating  in  all  his  activities. 

Advancing  New  Employees  During  the  Training  Period 

A  number  of  companies  adopt  the  policy  of  increasing  the  salaries  paid  to  students 
during  the  training  period.  Little  is  said  as  to  the  underlying  reasons  for  such  advance- 
ment, but  it  may  be  assumed  that  the  reason  is  probably  two  fold:  First,  to  provide  an 
incentive  to  increasing  efforts  on  the  part  of  the  student,  and  second,  to  meet  the  earn- 
ing power  advantages  which  may  be  enjoyed  by  non-student  employees  during  their 
earlier  years  of  employment. 

Reports  of  several  companies  show  that  such  monetary  advancement  is  frequently 
given  to  trainees.  One  company  starts  student  engineers  at  salaries  of  $130  and  $140  per 
month  which  range  from  $145  to  $160  at  the  end  of  6  months,  and  from  $160  to  $180 
at  the  end  of  one  year.  Another  company  reports  that  "these  men  are  paid  on  a  salary 
basis  and  receive  an  increase  at  the  end  of  the  first  6  months  and  a  further  increase  at 
the  end  of  12  months.  The  rate  of  pay  varies  between  our  operations  because  of  the 
cost  of  living  differential  between  cities". 

One  company  establishes  the  student's  salary  on  the  basis  of  salaries  paid  students 
of  other  companies,  the  salaries  paid  to  other  employees  of  this  company  and  the  stu- 
dent's former  salary.  Provision  is  also  made  for  merit  increases  in  such  salaries.  In  all 
cases,  compensation  is  based  upon  the  requirements  of  a  respectable  living.  As  one  com- 
pany puts  it:  "During  the  first  year  of  training  an  adequate  salary  is  paid,  commensurate 
with  the  man's  ability  and  training  and  substantial  enough  to  assure  comfortable  living. 
.  .  .  After  the  first  year  of  training  those  men,  becoming  permanent  employees,  receive 
greater  compensation  and  additional  savings  and  insurance  benefits". 
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Meeting  the  Requirements  of  Contracts 
and  Agreements  with  Organized  Labor 

The  committee  received  no  information  indicating  any  serious  difficulty  because  of 
employee  agreements  conflicting  with  the  right  to  employ  and  train  college  men. 
Generally  the  companies  contacted  treat  this  class  of  men  as  a  group  temporarily  em- 
ployed for  training  purposes  and  from  which  later  selections  may  be  made  for  permanent 
employment.  Such  permanent  employment  is  usually  in  positions  which  do  not  fall  within 
the  scope  of  any  contract  with  employee  groups. 

The  training  employment  does  not  supplant  other  employees  and  the  work  performed 
by  the  trainees  is  not  that  which  is  assigned  to  other  employees  by  agreement.  On  the 
other  hand,  by  working  in  contact  with  the  other  employees,  they  will  learn  how  the 
several  operations  of  work  may  be  performed  properly. 

There  appears  to  be  no  tendency  within  other  industries  to  secure  immediate  pro- 
duction in  exchange  for  the  cost  of  training  college  men.  Such  cost  is  not  considered  as 
a  production  cost  but,  rather,  as  a  cost  of  developing  the  company  personnel  and  organ- 
ization and,  probably,  the  intangible  value  to  the  company  as  a  going  concern.  This 
statement  is  not  intended  to  imply  that  the  trainee  will  stand  around  with  idle  hands, 
but  his  real  productiveness  commences  when  his  training  is  ended  and  he  combines  that 
training  with  his  previous  absorption  of  knowledge  gained  in  the  college  classroom  and 
laboratory. 

Summary 

In  summing  up  the  practice  of  industries  in  the  employment  of  college  men,  it  is 
interesting  to  record  the  reasons  why  they  have  developed  their  extensive  methods  of 
employment,  training  and  grading  for  these  men.  To  bring  such  recruits  into  the  com- 
pany involves  careful  planning  and  supervision  as  well  as  a  definite  expenditure  of  funds. 
A  few  comments  bearing  upon  this  phase  of  the  subject  are  quoted: 

E.  I.  Du  Pont  de  Nemours  &  Co.:  "These  men  are  employed  because  it  is  felt  that 
there  is  a  need  in  a  particular  plant,  sales  or  laboratory  organization  for  promising  indi- 
viduals who  have  the  ability  and  potentiality  to  fill  intermediate  positions  and  develop 
into  executives  in  later  years".  International  Business  Machines  Corp.:  "Our  program  of 
bringing  a  young  man  into  the  company  and  properly  training  him  for  a  specific  job 
and  then  giving  him  the  opportunity  to  develop  in  our  organization  has  proved  successful 
from  our  standpoint".  Ingersoll-Rand  Co.:  "By  an  influx  of  new  blood  through  admis- 
sions to  the  student  training  course,  the  company  has  been  successful  in  steadily  building 
up  its  organization  and  equipping  it  to  meet  the  continually  changing  demands  of  our 
modern  and  highly  competitive  industrial  world". 

The  Standard  Oil  Company  of  New  Jersey  gives  eight  objectives:  "(1)  To  develop 
personnel  for  new  processes  and  new  types  of  mechanization;  (2)  to  develop  cooperation 
and  team  work  between  mechanical  and  process  units  and  in  turn  with  technical  and 
staff  units;  (3)  to  develop  through  factual  information  a  broader  view  point  on  the  part 
of  employees  toward  their  work,  their  supervisors  and  the  company  as  a  whole;  (4)  to 
develop  trade  mechanics  by  formalized  programs;  (5)  to  raise  the  quality  standard  of 
the  product  or  the  services  rendered  by  employees;  (6)  to  discover  and  develop  super- 
visory ability  to  handle  men,  to  plan  and  schedule  work  and  to  control  costs  carefully; 
(7)  to  reduce  losses  caused  by  material  spoilage,  disposal  of  scrap,  etc.;  and  (8)  to 
establish  a  high  standard  of  safety  and  accident  prevention". 

The  Firestone  Tire  and  Rubber  Co.:  "We  at  Firestone  regard  our  college  training 
course  as  a  vitally  important  factor  in  our  business  operations.  We  look  upon  it  as  per- 
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sonnel  insurance  for  the  future".  The  National  City  Bank  of  New  York:  "These  men 
are  selected  because  we  feel  they  are  outstanding  and  are  good  potential  material". 
Transcontinental  &  Western  Airlines,  Inc.:  "It  has  been  our  experience  thus  far  that  there 
is  a  particularly  wide  range  in  the  capability  of  men  with  college  education".  American 
Airlines,  Inc.:  "Under  our  four-year  apprentice  training  program  we  are  continually 
looking  for  college-trained  men  and  give  preference  to  those  who  have  had  technical 
training  in  aviation  schools  or  colleges".  Allis-Chalmers  Manufacturing  Co.:  "Allis- 
Chalmers  values  good  men.  There  are  many  places  in  our  organization  where  professional 
training  might  fit  well  in  meeting  complex  problems  of  this  organization".  Armstrong 
Cork  Co.:  "The  only  thing  we  have  which  no  other  company  can  ever  have  is  ourselves 
— the  company  personnel  selected  and  trained  to  work  and  think  together.  We  build  for 
the  future  of  the  business  with  every  man  we  hire". 

Your  committee  is  deeply  appreciative  of  the  assistance  given  it  in  the  preparation 
of  this  report  by  the  officers  of  the  companies  who  were  contacted  for  information 
regarding  the  valuation  they  place  on  technically  educated  men  desiring  to  enter  their 
service,  the  means  by  which  the  man  is  selected  and  trained  and  what  might  be  expected 
in  return  for  the  effort  involved.  In  a  later  report,  your  committee  will  endeavor  to 
develop  in  some  detail  what  a  few  railroads  have  done  toward  attracting  college  men 
into  their  services  and  the  results  of  their  experiences  in  this  field. 
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Develop   Means   Whereby  Facilities   of  the  Universities   May  Be 

Made  More  Directly  Available  for  Research  Work  of  the 

Association  and  the  Railway  Industry 

By  Cooperative  Effort  Between  the  Staffs  of  the  Universities  and  the 
Committees  of  the  Association 

J.  B.  Babcock  (chairman,  subcommittee),  Lem  Adams,  R.  P.  Davis,  R.  E.  Dougherty, 
O.  W.  Eshbach,  B.  R.  Kulp,  C.  T.  Morris,  A.  E.  Perlman,  Barton  Wheelwright. 

This  is  a  progress  report  submitted  as  information. 

A  questionnaire  was  sent  in  September,  1940  to  125  colleges  and  universities  in  the 
United  States  in  which  engineering  degrees  are  given  requesting  data  as  to  (1)  their 
facilities  for  research,  (2)  the  fields  in  which  they  are  best  equipped  in  personnel, 
experience  and  equipment,  (3)  the  projects  under  way  or  completed  recently,  (4)  the 
work  done  in  recent  years  for  or  of  special  interest  to  the  railroads,  (5)  whether  they 
would  be  interested  in  doing  more  work  along  railroad  lines. 

Replies  were  received  from  about  40  of  these  engineering  schools  giving  considerable 
information  of  diversified  character.  Many  of  those  reporting  have  well  equipped  labo- 
ratories and  adequate  staffs  for  their  regular  work,  although  limited  in  means  for 
carrying  out  extensive  research  without  additional  funds.  Practically  all  of  them  ex- 
pressed a  desire  to  cooperate  with  the  railroads  on  research  projects.  A  number  of  the 
replies  indicated  disappointment  with  the  lack  of  interest  the  railroads  had  taken  in  the 
employment  of  college  trained  men  and  expressed  the  hope  that  a  greater  measure  of 
cooperation  between  the  railroads  and  the  universities  might  improve  this  situation. 
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It  is  the  intent  of  this  subcommittee  to  present  in  a  final  report  a  catalog  or  directory 
of  the  facilities  available  and  the  work  done  in  the  laboratories  of  the  leading  univer- 
sities in  order  that  this  information  may  be  available  to  any  railway  officer  confronted 
with  a  specific  problem. 

To  prepare  such  a  catalog  it  will  be  necessary  to  secure  data  from  those  colleges 
which  did  not  reply  to  the  questionnaire  as  well  as  to  bring  up  to  date  some  of  the 
information  contained  in  the  replies  received  two  years  ago.  At  present  the  laboratories 
and  other  facilities  of  the  colleges  are  being  used  extensively  in  connection  with  war 
activities.  Furthermore,  it  seems  inappropriate  to  attempt  the  collection  of  more  detailed 
information  at  this  time  because  data  secured  now  will  not  be  representative  of  the 
facilities  available  under  normal  conditions.  Also  the  staff  members  of  the  engineering 
schools  are  busy  not  only  with  their  regular  duties  but  with  additional  work  due  to  the 
war  effort  and  it  would  be  burdensome  for  them  to  prepare  such  information  at  this  time. 

Careful  study  is  now  being  given  in  the  railroad  industry  to  the  serious  postwar 
problems  which  the  railroads  will  have  to  face.  This  subcommittee  believes  that  full 
advantage  should  be  taken  of  the  research  facilities  of  the  railroads  and  the  universities 
in  the  study  of  these  important  problems.  It  is  hoped  that  the  cataloging  of  the  avail- 
able facilities  of  the  engineering  schools  will  result  in  increased  opportunity  for  coopera- 
tive research  between  the  railroads  and  the  universities. 
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C.  H.  Mottier,  Chairman, 

J.  R.  W.  Ambrose 

C.  E.  Armstrong 

J.  E.  Armstrong 

C.  J.  Astrue 

H.  Austill 

Hadley  Baldwin 

H.  G.  Basqutn 

A.  L.  Becker 

V.  J.  Bedell 

W.  O.  Boessneck 

N.  C.  L.  Brown 

H.  F.  Burch 

F.  T.  Darrow 

M.  H.  Dick 

R.  B.  Elsworth 


W.  H.  Giles 
E.  D.  Gordon 
R.  J.  Hammond 
G.  F.  Hand 
M.  J.  J.  Harrison 
H.  H.  Harsh 
E.  M.  Hastings 
H.  O.  Hem 
W.  H.  Hobbs 
E.  T.  Johnston 
J.  S.  Knight 
E.  K.  Lawrence 
H.  C.  Lorenz 
L.  L.  Lyford 
C.  A.  Mitchell 
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W.  J.  Hedley, 

Vice-Chairman, 
C.  L.  Richard 
H.  L.  Ripley 
H.  M.  Roeser 
W.  B.  Rudd 
W.  C.  Sadler 

C.  U.  Smith 
J.  W.  Smith 

D.  J.  Strauch 
J.  N.  Todd 

E.  E.  R.  Tratman 
E.  P.  Vroome 

V.  R.  Walling 
O.  H.  Watson 
R.  W.  Willis 

Committee 


To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 
No  report. 

2.  Service  connections  on  station  tracks,  collaborating  with  AAR  Joint  Committee  on 
Railway  Sanitation. 

No  report. 

3.  Scales  used  in  railway  service. 

Progress  report — submitted  as  information   page  336 

4.  Classification  yards,  collaborating  with  Committee  16 — Economics  of  Railway  Loca- 
tion and  Operation. 

No  report. 

5.  Produce  terminals. 
No  report. 

6.  Effect  of  lengthening  of  locomotive  runs  on  location  and  arrangement  of  locomotive 
servicing  facilities. 

No  report. 

7.  Modernization   of   passenger   terminals,   collaborating   with   Committee   6 — Buildings. 
Final  report — conclusions  submitted  for  adoption   page  349 

8.  Freight  car  repair  facilities. 
No  report. 

9.  Engine  terminal  facilities. 
No  report. 


AREA  Bulletin  435,  December,  1942. 


335 


336 Yards   and   Terminals 

10.  Bibliography   on  subjects  pertaining   to  yards  and  terminals  appearing  in   current 
periodicals. 

Progress  report — submitted  as  information  page  351 

The  Committee  on  Yards  and  Terminals, 

C.  H.  Mottier,  Chairman. 
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Scales  Used  in  Railway  Service 

M.  J.  J.  Harrison  (chairman,  subcommittee),  J.  E.  Armstrong,  H.  Austill,  Hadley 
Baldwin,  H.  G.  Basquin,  E.  D.  Gordon,  E.  M.  Hastings,  H.  O.  Hem,  E.  K. 
Lawrence,  C.  H.  Mottier,  H.  C.  Propst,  C.  L.  Richard,  H.  M.  Roeser,  D.  J.  Strauch, 
J.  N.  Todd,  E.  P.  Vroome,  O.  H.  Watson. 

At  the  annual  meeting  in  1941  your  committee  submitted  as  information  a  proposed 
specification  covering  hand-operated  grain-hopper  scales  (Proceedings,  Vol.  42,  page  114) 
and  outlined  briefly  the  background  and  history  of  the  assignment. 

Following  publication,  informal  criticisms  of  the  proposed  material  were  received 
and  considered,  and  several  items  of  the  specifications  as  originally  published  were  crit- 
ically studied  by  the  committee.  Consequently,  several  revisions  in  details  have  been 
agreed  to  by  your  committee  and  the  revised  proposed  specification  is  submitted  here 
as  information  and  for  further  discussion. 

The  committee  iterates  its  invitation  of  further  criticism  to  the  end  previously  stated 
— that  the  ultimate  form  of  this  material  may  be  acceptable  to  all  interested  parties. 

56.  PROPOSED  SPECIFICATIONS  FOR  THE  MANUFACTURE  AND 
INSTALLATION  OF  HAND-OPERATED  GRAIN-HOPPER  SCALES 

INTRODUCTION 

(In  course  of  preparation) 

56—1  CAPACITY 

101.  Scale  Capacity  Defined 

The  capacity  of  a  hand-operated,  grain-hopper  scale  is  the  weight  of  the  greatest 
load  which  may  be  equally  distributed  on  the  knife-edges  of  the  main  load  pivots  without 
producing  stresses  in  any  member  or  part  of  the  structure  in  excess  of  those  specified  in 
Section  56 — III  hereof. 

102.  Nominal  Capacity  Defined  and  Limited 

The  nominal  capacity  of  a  scale  is  the  largest  weight  indication  which  can  be  ob- 
tained by  the  use  of  all  the  reading  elements  in  combination,  including  the  amount  repre- 
sented by  any  removable  weights  furnished  with  the  scale,  fractional  bars  totaling  2J/£ 
percent  or  less  of  the  remaining  elements  being  neglected.  The  nominal  capacity  of  a 
hand-operated,  grain-hopper  scale  shall  not  exceed  the  scale  capacity  as  defined  in 
Paragraph  101  hereof. 

103.  Nominal  Capacities  Standardized 

For  purposes  of  design,  a  hand-operated,  grain-hopper  scale  shall  be  assumed  to  be 
one  of  the  following  nominal  capacities:  30,000  pounds,  48,000  pounds,  72,000  pounds, 
120,000  pounds,  or  150,000  pounds. 
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56— II  PLANS 
201.  Plans  to  Be  Furnished 

Assembly  plans  shall  be  furnished  by  the  scale  manufacturer  to  the  purchaser,  show- 
ing the  location  of  field  connections  and  all  information  necessary  for  the  purchaser  to 
design  and  construct  all  elements  of  the  assembly  not  furnished  by  the  scale  manufac- 
turer. Upon  request  in  the  invitation  for  bids,  the  purchaser  shall  be  furnished  drawings 
or  descriptions  in  sufficient  dimensional  detail  to  permit  the  customary  design  calcula- 
tions for  stresses  and  to  allow  adequate  checking  of  the  design  requirements  for  con- 
struction, finish  and  workmanship. 


56— III  WORKING  STRESSES  AND  FORMULAS 

301.  General  Working  Stresses 

The  maximal  permissible  unit  stresses  referred  to  in  Section  56 — I  hereof  are  given 
below: 

Table  1417 

Allowable  Unit  Stresses  in  Pounds  Per  Square  Inch  For  Iron  and  Steel 

Transverse  Bending  Direct  Stress  Shear  and 

Material                  Tension  Compression  Tension    Compression  Torsion 
Cast  Iron  (gray) 
Thickness  of  section 

Inches                                 '  • 

0.25    5,000  8,500  3,500  10,000                  5,000 

0.3    4,780  8,130  3,350  9,560                  4,780 

0.35    4,600  7,820  3,220  9,200                  4,600 

0.4    '.     4,450  7,560  3,110  8,900                  4,450 

0.45    4,320  7,340  3,020  8,640                  4,320 

0.5    4,200  7,140  2,940  8,400                  4,200 

0.6    4,020  6,830  2,810  8,040                  4,020 

0.7    3,870  6,580  2,710  7,740                  3,870 

0.8    3,740  6,360  2,620  7,480                  3,740 

0.9    3,630  6,170  2,540  7,260                  3,630 

1.0    3,540  6,020  2,480  7,080                  3,540 

1.1    3,450  5,860  2,410  6,900                  3,450 

1.2    3,380  5,750  2,370  6,760                  3,380 

1.3    3,310  5,620  2,320  6,620                  3,310 

1.4    3,250  5,520  2,270  6,500                  3,250 

1.5    3,190  5,420  2,230  6,380                  3,190 

1.6    3,140  5,340  2,200  6,280                  3,140 

1.8    3,050  5,180  2,130  6,100                  3,050 

2.0    2,970  5,050  2,080  5,940                  2,970 

2.5    2,810  4,780  1,970  5,620                  2,810 

3.0    2,690  4,570  1,880  5,380                  2,690 

3.5    2,580  4,390  1,810  5,160                  2,580 

4.0    2,500  4,250  1,750  5,000                 2,500 

Steel 
Structural  (SAE  1010 

to  1020)    10,000  10,000  10,000  10,000                  7,000 

Castings   (SAE   1020 

to  1030)    10,000  12,000  10,000  12,000                  8,000 

Pivots  and  Bearings 
SAE    1095,    hard- 
ened    24,000  24,000  24,000  24,000 

SAE   6195    or 

52100,  hardened  30,000  30,000  30,000  30,000 
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In  designing  cast  iron  members  to  sustain  stress  of  any  character,  the  maximal 
allowable  unit  stress  shall  be  determined  by  the  greatest  thickness,  exclusive  of  fillets,  of 
the  portion  of  the  section  carrying  the  stress  being  considered.  In  the  main  portion  of  a 
beam,  the  thickness  of  the  web  or  flange  shall  be  used,  whichever  is  the  greater.  The 
thickness  of  the  flange  shall  be  considered  either  as  the  average  depth  of  the  outstanding 
portion,  or  the  breadth  of  flange,  outside  to  outside,  whichever  is  less. 

The  bearing  stress  on  steel  pins  shall  not  exceed  15,000  pounds  per  square  inch  on  any 
diametral  cross  section. 

In  proportioning  rivets,  nominal  diameters  shall  be  used. 

The  effective  bearing  area  of  a  pin,  bolt  or  rivet  is  the  diameter  of  the  member 
multiplied  by  the  thickness  of  the  member  upon  which  the  member  bears.  In  metal  ^ 
inch  thick  and  over,  half  the  depth  of  countersink  shall  be  omitted  in  calculating  bearing 
area.  In  metal  less  than  ty&  inch  thick,  countersunk  rivets  shall  not  be  assumed  to  carry 
bearing  stress. 

302.  High-Strength  Alloys 

For  materials  intended  or  represented  to  be  "high-strength"  alloys,  unit  working 
stresses  other  than  those  given  in  Table  1  may  be  used,  provided  these  do  not  exceed 
one-third  the  unit  stresses  at  the  yield  point  established  according  to  the  test  routine 
followed  or  prescribed  by  the  American  Society  for  Testing  Materials  for  parts  of  the 
same  analysis,  heat  treatment  and  size,  and  provided  further  that  the  unit  working 
stresses  for  any  combination  of  gray  iron  and  carbon  steel  exclusively  shall  not  exceed 
those  given  in  Table  1  for  steel  castings.  The  purchaser,  if  he  requests,  shall  be  furnished 
with  sufficient  data  or  test  specimens  to  enable  him  to  determine  the  physical  properties 
of  the  particular  "high-strength"  material  proposed  to  be  used. 

303.  Knife-Edge  Bearing  Stresses 

The  load  per  inch  of  knife-edge  shall  not  exceed  5,000  pounds  for  high  carbon  steel 
(SAE  1095),  or  6,000  pounds  for  special  alloy  pivot  steel  (SAE  6195  or  52100). 

304.  Concrete  Bearing  Stresses 

Bearing  stresses  on  concrete  shall  not  exceed  300  pounds  per  square  inch  under  scale 
lever  stands. 

305.  Projecting  Pivots,  Formula  for  Stresses 

Where  practicable,  pivots  shall  be  supported  their  full  length  by  integral  parts  of  the 
containing  lever. 

When  impracticable  so  to  support  the  pivots,  external  bending  moments  shall  be 
determined  as  follows: 

Let   M  e=  the  required  bending  moment  in  inch-pounds 

L  =  the  length  in  inches  of  the  moment  arm 

T  =  the  distance  in  inches  between  the  friction  faces  of  the  loop 

W  =  the  total  load  in  pounds  on  both  ends  of  the  pivot 

D  t=  the  length  in  inches  of  bearing  in  the  loop 

B  —  the  width  in  inches  of  the  boss  or  sustaining  member  enveloping  the  pivot 
Then  L  =  D/2  +  (T  —  B)  +  %  inch 
And  M=WL/2 

306.  Levers,  Formula  for  Loading 

For  design  purposes,  each  corner  of  the  scale  shall  be  assumed  to  carry  30  percent  of 
the  nominal  capacity  which  is  contemplated  for  the  scale;  the  weighbeam  and  shelf  lever, 
and  their  appurtenances,  shall  be  assumed  to  carry  150  percent  of  the  load  due  to  such 
assumed  nominal  capacity. 


Yards   and    Terminals  339 


56— IV  SCALE  LEVERS 

401.  Limitation  of  Type 

Truss  rods  shall  not  be  used  in  parts  of  the  lever  system  except  to  stiffen  levers 
laterally. 

402.  Qualities  of  Castings 

Castings  used  for  levers  shall  not  be  warped.  They  shall  be  clean,  smooth,  uniform, 
and  free  from  blisters,  blowholes  and  shrinkage  holes  and  cracks.  Steel  castings  shall  be 
annealed. 

403.  Machined  Ways  for  Nose  Irons 

Levers  that  are  to  be  equipped  with  nose  irons  shall  have  those  portions  of  the  lever 
ends  receiving  them  machined  for  the  full  distance  over  which  the  nose  irons  may 
be  moved. 

404.  Leveling  Lugs 

In  scales  of  other  than  the  torsion  lever  type,  each  lever  shall  be  provided  with 
leveling  lugs  for  longitudinal  alinement.  In  scales  of  the  torsion  lever  type,  leveling  lugs 
shall  be  provided  on  the  pipe  or  torsion  member  for  transverse  alinement,  and  on  the 
extension  arm  for  longitudinal  alinement.  Each  pair  of  lugs  shall  be  spaced  11  inches 
apart.  The  leveling  surfaces  of  each  pair  of  lugs  shall  be  finished  to  a  common  plane, 
which  shall  be  parallel  to  the  plane  through  the  knife-edges  of  the  end  pivots. 

405.  Marking  of  Levers 

Figures  denoting  the  nominal  ratio  of  each  lever  shall  be  cast  or  otherwise  perma- 
nently marked  on  the  lever. 

406.  Permanency  of  Adjustment 

The  design,  workmanship  and  factory  adjustment  of  all  levers  shall 'be  such  that  the 
proper  ratio  of  the  lever  arms  will  be  maintained. 

56— V  PIVOTS  AND  BEARINGS 

501.  Material 

The  material  used  for  pivots  and  bearings  shall  be  either: 

(a)  Special  alloy  pivot  steel  (SAE  6195  or  52100),  hardened  to  not  less  than  58  on 
the  Rockwell  C  scale,  or 

(b)  High  carbon  steel  (SAE  1095),  hardened  to  not  less  than  60  on  the  Rockwell  C 
scale. 

502.  Design 

Pivots  shall  be  so  formed  that  the  included  angle  of  the  sides  joining  to  form  the 
.knife-edge  will  not  exceed  90  degrees,  and  the  offset  of  the  knife-edge  from  the  center 
line  of  the  pivot  will  not  exceed  10  percent  of  the  width  of  the  pivot.  Tapered  pivots 
shall  be  tapered  not  more  than  l/&  inch  per  foot. 

503.  Mounting 

(a)  Fastening.  —  Pivots  shall  be  firmly  fastened  in  position  without  swaging  or 
calking. 

(b)  Machined-In  Pivots. — Pivots  shall  be  machine-finished  and  fitted  into  machined 
ways. 
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(c)  Continuous  Contact  Required.  —  Pivots  shall  be  so  mounted  that  continuous 
contact  of  the  knife-edges  with  their  respective  bearings  for  the  full  length  of  the  parts 
designed  to  be  in  contact  will  be  obtained.  In  loop  bearings,  the  knife-edges  shall  project 
slightly  beyond  the  bearings  in  the  loops. 

504.  Position 

In  any  lever  the  pivots  shall  be  so  mounted  that: 

(a)  Each  knife-edge  will  be  maintained  in  a  horizontal  plane  under  any  load  within 
the  capacity  of  the  scale. 

(b)  A  plane  bisecting  the  angle  of  a  knife-edge  will  be  perpendicular  to  the  plane 
through  the  knife-edges  of  the  end  pivots. 

(c)  The  actual  distance  between  the  end  knife-edges  of  any  lever  will  not  differ  from 
the  nominal  distance  by  more  than  1/64  inch  per  foot  of  length  of  lever. 

(d)  The  knife-edges  in  any  lever  will  be  parallel. 

505.  Support  for  Projecting  Pivots 

The  reinforcing  on  the  levers  to  support  projecting  pivots  shall  be  tapered  off  to 
prevent  accumulation  of  dirt  next  to  the  pivots  and  to  provide  proper  clearances. 

506.  Design  of  Bearings 

Bearing  steels  and  the  parts  supporting  or  containing  them  shall  be  so  applied  to 
the  mechanism  that  permissible  movement  of  the  weighbridge  will  not  displace  the  line 
of  contact  between  any  bearing  and  the  opposing  pivot. 

507.  Interchangeability  of  Bearing  Steels 

All  bearing  steels  of  the  same  nominal  dimensions  or  manufacturers'  parts-list  iden- 
tification shall  be  interchangeable  or  mounted  in  interchangeable  bearing  blocks. 

508.  Finish  of  Bearing  Steels 

The  bearing  surfaces  shall  be  brought  to  a  smooth,  true  and  accurate  finish  to  insure 
continuity  of  contact  with  opposing  pivot  knife-edges. 

56— VI  NOSE  IRONS 

601.  Design 

Nose  irons  shall  be  so  constructed  that: 

(a)  They  will  be  positioned  by  means  of  adjusting  screws  of  standard  size  and  thread. 

(b)  They  will  be  retained  in  position  by  screws  or  bolts  of  standard  size  and  thread. 

(c)  The  surfaces  of  nose  irons  intended  to  be  in  slidable  contact  with  the  levers  will 
be  machined  true,  so  as  to  obtain  an  accurate  fit  in  or  on  the  levers. 

(d)  When  adjustments  are  made,  the  knife-edge  will  be  held  parallel  to  its  normal 
position. 

602.  Screws  and  Bolts 

Adjusting  and  retaining  screws  and  bolts  shall  be  made  of  a  corrosion-resistant 
material. 

603.  Retaining  Device 

Means  for  retaining  each  nose  iron  in  position  shall  be  provided,  and  shall  be  so 
designed  and  constructed  that: 

(a)  It  will  be  independent  of  the  means  provided  for  adjustment  of  the  nose  iron. 

(b)  It  will  not  cause  indentations  in  the  lever. 
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(c)  Loads  applied  to  the  scale  will  not  cause  tension  in  the  retaining  bolts  or  screws. 

(d)  The  nose  iron  will  remain  in  position  when  the  bolts  or  screws  are  loosened. 

604.  Marking  of  Position 

The  position  of  each  nose  iron  as  determined  by  factory  adjustment  shall  be  accu- 
rately, clearly  and  permanently  indicated  by  well  defined  marks  on  the  lever  and  nose 
iron,  which  meet  in  a  common  fine. 

56— VII  LEVER  FULCRUM  STANDS 

701.  Qualities  of  Castings 

Castings  for  lever  stands  shall  be  clean,  smooth,  uniform,  and  free  from  blisters, 
blowholes  and  shrinkage  holes  and  cracks. 

702.  Proportions 

Each  lever  stand  shall  be  so  designed,  constructed  and  installed  that,  under  any 
practical  condition  of  loading,  the  resultant  force  through  the  stand  will  fall  within 
the  middle  third  of  the  length  and  width  of  the  base. 

703.  Finish  of  Bases 

The  base  of  any  lever  stand  shall  be  machined  true  within  a  tolerance  of  3*2  inch 
to  a  plane  perpendicular  to  a  vertical  fine  through  the  center  of  the  knife-edge  bearing 
carried  by  the  upright  portion  of  the  stand. 

704.  Finish  of  Tops 

The  top  of  any  lever  stand  receiving  a  bearing  steel,  cap  or  block  shall  be  finished 
smooth  and  shall  be  parallel  to  the  base  within  ih  inch. 

705.  Anchor  Bolt  Holes 

Anchor  bolt  holes,  not  less  than  V/2  inches  in  diameter,  shall  be  provided  in  proper 
places  in  the  base  of  every  lever  fulcrum  stand,  unless  other  equally  effective  means  for 
anchorage  is  provided. 

706.  Height  Adjustment 

For  scales  of  120,000  pounds  and  150,000  pounds  capacity,  the  main  lever  stands 
shall  be  adjustable  in  height. 

56— VIII  LOOPS  AND  CONNECTIONS 

801.  Material 

The  requirements  for  material  and  hardness  of  bearing  surfaces  in  loop  connections 
shall  be  the  same  as  those  prescribed  in  Paragraph  501  hereof  for  pivots  and  bearings. 

802.  Design 

All  connections  and  their  elements  shall  be  so  constructed  and  installed  as  to  result 
in  the  maximal  practicable  flexibility.  Bearings  shall  be  self-alining.  Loops  which  form 
bearings  for  projecting  pivots  may  be  of  any  type,  provided  the  clearance  between  the 
enclosed  pivot  and  the  body  of  the  loop  is  at  least  %  inch. 

803.  Length  and  Adjustment 

Loops  in  like  connections,  except  when  adjustable,  shall  be  of  the  same  length.  The 
length  of  the  steelyard  rod  shall  be  adjustable.  The  means  for  adjustment  provided  in 
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any  connection  shall  be  of  such  design  and  construction  that  accidental  change  in  the 
length   of  the  connection  cannot  occur  under  practical  service  conditions. 

56— IX  CHECKS 
901.  Arrangement 

When  check  rods  are  used,  they  shall  be  adjustable.  All  checks  shall  be  so  designed, 
constructed  and  installed  as  to  impose  no  restraint  upon  the  weighbridge  or  hopper  under 
any  practical  condition  of  loading,  and  insofar  as  practicable  shall,  for  any  scale,  be 
positioned  in  the  same  horizontal  plane. 

56— X  WEIGHBEAMS  AND  ACCESSORIES 

1001.  Limits  for  Nominal  Capacity 
See  Paragraphs  101  and  102  hereof. 

1002.  Capacity  to  Be  Marked 
The  nominal  capacity  shall  be  explicitly  and  conspicuously  marked  on  or  near  the 

weighbeam. 

1003.  Type  of  Weighbeam 

At  the  option  of  the  purchaser,  either  of  two  types  of  weighbeam  is  permitted  under 
these  specifications: 

(a)  A  weighbeam  comprising  a  single  bar,  with  its  poise,  and  a  counterpoise  hanger, 
on  which  all  or  a  major  portion  of  the  applied  load  is  intended  to  be  counterpoised  with 
counterpoise  weights  applied  on  such  hanger;  or 

(b)  A  weighbeam  of  the  full-capacity  type. 
When  specified,  registering  means  may  be  furnished  for  either  type  of  weighbeam 

named  above. 

1004.  Multiple 

For  all  scales  covered  by  these  specifications,  the  designed  multiple  to  the  tip  knife- 
edge  of  the  weighbeam  shall  be: 

(a)  For  a  weighbeam   utilizing  counterpoise  weights,   1,000:1. 

(b)  For  a  full-capacity  weighbeam,  3,500:1. 

1005.  Graduations 

(a)  Readability. — A  weighbeam  shall  be  so  marked  and  graduated,  and  the  poise 
shall  be  so  constructed,  that  the  weight  corresponding  to  any  normal  poise  position  can 
be  easily  and  correctly  read  without  moving  the  poise;  this  requirement  shall  be  met 
regardless  of  whether  the  weighbeam  is  or  is  not  a  registering  weighbeam. 

(b)  Value. — For  a  weighbeam  using  counterpoise  weights,  the  capacity  of  the  weigh- 
beam bar  shall  be  1,000  pounds.  For  a  full-capacity  weighbeam,  the  notches  and  gradua- 
tions on  the  main  bar  shall  be  at  1,000-pound  intervals.  For  either  type  of  weighbeam, 
the  value  of  the  minimal  graduation  shall  not  exceed  10  pounds. 

1006.  Poise  Stops 
Each  weighbeam  shall  be  provided  with  stops  to  prevent  any  poise  with  which  it 

may  be  equipped  from  traveling  and  remaining  back  of  the  zero  graduation. 
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1007.  Notches 

On  all  notched  weighbeams,  the  notches  shall  face  either  horizonally  or  downward. 
Notches  shall  be  so  formed  and  positioned  that  accurate  positioning  of  a  poise  will  auto- 
matically result  at  any  graduation  at  which  the  poise  may  be  placed.  Notches  on  the 
main  bar  of  a  full-capacity  weighbeam  shall  be  spaced  not  closer  than  six  to  the  inch. 

1008.  Poises 

(a)  Readability. — See  Paragraph  1005- (a)  hereof. 

(b)  Projections  and  Recesses. — Poises  shall  be  so  designed  and  constructed  as  to 
reduce  to  a  minimum  the  number  and  size  of  projections  and  recesses  that  will  retain 
foreign  material,  and  shall  be  as  nearly  dust-tight  as  practicable. 

(c)  Poise  Bearings. — Each  poise  shall  be  constructed  to  move  along  its  bar  with  a 
minimum  of  side  play.  On  a  full-capacity  weighbeam,  the  main  poise  rollers  shall  be 
equipped  with  dust-tight  ball  bearings. 

(d)  Material. — The  exterior  shell  of  a  poise  shall  be  made  of  any  metal  or  alloy  of 
metals  not  softer  than  brass.  Poises  shall  have  no  metal  softer  than  brass  making  contact 
with  the  weighbeam. 

(e)  Movable  Parts. — All  movable  elements  forming  parts  of  a  poise  shall  be  so  con- 
structed as  not  to  be  detachable  without  manifest  mutilation  of  the  poise.  Set  screws,  if 
designed  to  secure  a  poise  at  any  point  on  the  weighbeam,  shall  not  be  readily  removable. 

(f)  Adjusting  Material. — -Any  material  inserted  in  a  poise  for  adjusting  its  mass  shall 
be  securely  fixed  in  position  and  shall  not  be  accessible  without  at  least  partial  dis- 
assembly of  the  poise. 

(g)  Pawl  or  Latch. — For  a  poise  on  a  notched  weighbeam,  the  design  and  construc- 
tion of  the  pawl  or  latch  and  its  appurtenances  shall  be  such  that  accurate  positioning 
of  the  poise  will  automatically  result  at  any  graduation  at  which  the  poise  may  be  placed. 

(h)  Poises  on  Type-Registering  Weighbeams.  —  The  poise  or  poises  on  a  type- 
registering  weighbeam  shall  be  so  constructed  that  inadvertent  displacement  from  any 
normal  position  will  be  obstructed,  and  to  prevent  movement  beyond  the  last  gradua- 
tion. A  substantial  type  of  hand  grip  shall  be  provided  to  facilitate  the  registration  of 
the  weight.  The  natural  operation  of  the  registering  mechanism  shall  not  cause  lateral 
displacement  of  the  weighbeam. 

1009.  Registering  Weighbeam 

When  a  registering  weighbeam  is  furnished,  the  receptacle  or  receptacles  for  the 
weight  ticket  shall  be  so  positioned  and  formed  that  accurate  registration  of  the  indicated 
weight  will  result  when  an  appropriate  ticket  is  used. 

Type  figures,  if  used,  shall  be  of  a  material  sufficiently  hard  that,  under  the  designed 
conditions  of  use,  the  figures  will  not  become  battered  or  defaced.  The  figures  shall  be 
plain  and  of  such  design  as  to  insure  clear  impressions,  and  shall  be  so  attached  that  they 
cannot  become  loosened  or  detached  without  a  positive  indication  that  the  weighbeam 
is  out  of  order. 

1010.  Balance  Ball 

A  balance  ball  shall  be  provided,  and  its  movement  shall  be  controlled  by  means 
of  a  hand-operated  screw  or  other  device  which  will  not  require  that  the  ball  be  rotated 
in  making  any  adjustments.  The  balance  ball  shall  be  provided  with  means  for  vertical 
adjustment. 
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1011.  Weighbeam  Fulcrum  Stand 

(a)  Design. — The  weighbeam  shall  be  supported  on  a  stand  fitted  with  self-alining 
bearings.  Weighbeam  fulcrum  stands  shall  be  so  designed,  constructed  and  installed  that 
the  resultant  force  through  the  bearing  will  fall  within  the  middle  third  of  the  length 
and  width  of  the  base. 

(b)  Finish. — The  bearing  surface  of  the  base  of  the  stand  shall  be  finished  to  a  plane 
perpendicular  to  the  axis  of  the  upright  portion  of  the  stand,  and  the  knife-edge  line  of 
the  bearing  shall  be  parallel  to  the  base. 

1012.  Trig  Loop 

(a)  Weighbeam  Travel. — The  permissible  travel  of  the  weighbeam  in  the  trig  loop 
shall  be  not  less  than: 

Length  of  Weighbeam —  Minimal 

Fulcrum  Knife-Edge  to  Trig  Loop  Travel 

Under  1 2  inches 0.4  inch 

Over  12  inches,  including  20  inches  0.5  inch 

Over  20  inches,  including  40  inches  0.7  inch 

Over  40  inches 0.9  inch 

(b)  Indicator. — The  weighbeam  shall  be  fitted  with  an  indicator  to  cooperate  with 
a  graduated  target  or  other  device  on  the  trig  loop,  or  vice  versa,  to  indicate  a  central 
position  in  the  trig  loop  when  the  weighbeam  is  horizontal. 

(c)  Material. — The  contact  parts  of  the  trig  loop  shall  be  made  of  a  non-magnetic 
material. 

1013.  Support  for  Weighbeam  Outfit 

The  weighbeam  fulcrum  stand  and  trig  loop  stand  shall  be  supported  on  a  metal 
shelf  mounted  on  metal  pillars,  or  equivalent  in  strength  and  durability.  The  shelf  shall 
be  sufficiently  rigid  that,  within  the  capacity  of  the  scale,  deflection  can  not  occur  to  such 
an  extent  as  will  affect  the  weighing  performance.  The  height  of  the  shelf  shall  be  such, 
in  conjunction  with  the  height  of  the  weighbeam  fulcrum  stand,  that  the  knife-edge  line 
of  the  weighbeam  will  be  not  more  than  5  feet,  6  inches  above  the  floor  surface  at  the 
weigher's  normal  position.  The  shelf  pillars  shall  be  supported  by  the  structure  which 
supports  the  scale. 

1014.  Counterpoise  Weights 

(a)  Design  and  Material. — Counterpoise  weights  shall  be  made  of  any  metal  or  alloy 
of  metals  not  softer  than  brass.  They  shall  be  smooth,  without  sharp  edges  or  corners, 
and  of  such  form  that  the  minimum  of  surface  consistent  with  convenience  of  use  will 
be  exposed  to  wear  and  corrosion.  When  counterpoise  weights  are  to  be  used  with  a 
registering  device,  the  effective  thickness  of  each  weight  shall  conform  to  the  designed 
thickness  within  such  limits  that,  at  no  point  within  the  range  of  the  registering  device, 
will  any  measurable  error  in  registration  be  caused  by  variation  in  weight  thickness. 

(b)  Corrosion  Protection. — Counterpoise  weights  made  of  corrodible  material,  such 
as  cast  iron  or  steel,  shall  be  protected  from  corrosion.  (See  Paragraph  1608.) 

(c)  Marking. — Each  counterpoise  weight  shall  be  clearly  marked  with  its  nominal 
value,  i.e.,  1  pound,  2  pounds,  etc.,  and  also  with  the  value  of  the  load  which  it  is 
intended  to  counterpoise,  i.e.,  1,000  pounds,  2,000  pounds,  etc. 

(d)  Adjustment  Cavity. — Each  counterpoise  weight  shall  be  provided  exclusively  in 
its  side  with  one  or  more  adjustment  cavities  of  adequate  size  to  receive  sufficient  adjust- 
ing material  to  compensate  for  normal  wear  of  the  weight's  surface.  Each  such  cavity 
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shall  be  securely  closed  by  a  screw  plug  of  brass  or  similar  material,  covered  by  a  soft 
cap.  No  part  of  any  such  plug  or  cap  shall  project  above  the  surface  of  the  weight. 

(e)  Sealing. — After  each  counterpoise  weight  is  adjusted  to  its  proper  value,  all  plugs 
or  caps  closing  adjustment  cavities  shall  receive  the  impression  of  a  seal  or  stamp, 
appropriate  in  character  and  design  to  attest  the  authenticity  of  the  sealing. 

1015.  Weight  Lifting  Device 

For  scales  of  more  than  30,000  pounds  capacity,  equipped  with  weighbeams  designed 
for  the  use  of  counterpoise  weights,  there  shall  be  provided  a  device,  designed  and  con- 
structed for  manual  operation,  which  may  be  used  to  relieve  the  weighbeam  of  the  entire 
applied  counterpoise-weight  load.  The  construction  and  operation  of  the  device  shall 
permit  normal  oscillation  of  the  weighbeam,  both  under  zero-load  balance  and  under 
any  condition  of  loading  in  which  a  load  in  the  hopper  is  counterpoised  by  one  or  more 
counterpoise  weights  applied  on  their  hanger.  The  cup  or  holder  at  the  bottom  of  the 
counterpoise  hanger  shall  be  securely  attached  to  the  stem,  and  if  a  change  in  alinement 
of  the  counterpoise  stem  affects  the  proper  functioning  of  the  weight-lifting  device,  the 
balancing  material  contained  in  such  cup  or  holder  shall  be  fixed  in  position. 

1016.  Weight  Racks 

For  each  weighbeam  equipped  with  counterpoise  weights,  a  weight  rack  shall  be 
provided.  The  surfaces  of  any  weight  rack  which  contact  or  support  the  counterpoise 
weights  shall  be  formed  of  a  relatively  soft  material,  such  as  rawhide,  fiber,  etc. 

1017.  Counterbalance  Weights 

The  design  and  construction  of  the  weighbeam  shall,  insofar  as  practicable,  be  such 
as  not  to  necessitate  the  use  of  counterbalance  weights.  When  counterbalance  weights 
are  necessary,  the  lower  end  of  the  counterbalance  hanger  stem -shall  be  threaded,  a  cup 
for  the  loose  balancing  material  shall  be  screwed  to  the  lower  end  of  the  stem,  and 
each  additional  weight  shall  be  provided  with  an  elongated  hole  in  the  center,  through 
which  the  hanger  stem  may  pass.  No  slotted  counterbalance  weights  are  to  be  used. 
When  no  counterbalance  weights  are  necessary  on  top  of  the  counterbalance  cup,  the 
cavity  shall  be  closed  by  a  cover  secured  in  a  positive  manner.  No  counterbalance  weights 
shall  be  used  in  any  place  in  the  scale  except  at  the  weighbeam. 

56— XI  ANTI-FRICTION  POINTS  AND  PLATES 

1101.  Material  and  Design 

Anti-friction  contacts  shall  be  used  to  limit  longitudinal  displacement  between 
knife-edges  and  bearings.  They  shall  be  smooth,  at  least  as  hard  as  the  pivot  knife-edge, 
and  so  designed  and  applied  as  to  provide  contacts  on  the  knife-edge  line. 

1102.  Clearances 

The  longitudinal  displacement  between  pivots  and  bearings  shall  not  exceed  t*s  inch 
on  the  weighbeam,  %  inch  on  the  shelf  lever,  and  %  inch  on  all  other  levers.  The  minimal 
clearances  shall  be  not  less  than  one-half  these  respective  amounts. 

56— XII  CLEARANCES 
1201.  General 

The  clearance  around  and  between  the  live  parts  of  the  lever  system  shall  be  at 
least  1/2  inch  except  at  points  where  other  clearances  are  specified.  (See  also  Paragraphs 
1102,  1503  and  1605  hereof.) 
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56— XIII  INTERCHANGEABILITY 

1301.  Identification  Required 

Units  or  parts  of  units  intended  to  be  interchangeable  with  like  units  or  parts  of  the 
sume  design  or  manufacture,  shall  be  identified  on  the  scale  plans  or  in  the  subject  matter 
of  the  proposal  in  such  a  manner  as  will  clearly  indicate  the  interchangeable  parts,  the 
manner  of  replacement,  and  the  adjustments  required,  if  any,  after  replacement. 

56— XIV  HOPPER  AND  GARNER 

1401.  General 

The  hopper  and  garner  shall  be  of  substantial  construction,  preferably  of  steel,  and 
shall  be  braced  as  necessary  to  prevent  distortion  under  load.  They  shall  be  grain-tight 
and  self-clearing  of  any  kind  of  grain  that  it  is  expected  will  be  handled  through  them. 
(See  also  Paragraph  1403  hereof.) 

1402.  Capacity 

The  capacity  of  the  hopper  shall  not  exceed  20  cubic  feet  per  thousand  pounds,  or 
1.2  cubic  feet  per  bushel  of  the  nominal  capacity  of  the  scale. 

The  capacity  of  the  garner  shall  be  as  large  as  practicable,  and  preferably  shall 
exceed  the  volume  of  the  largest  carload  of  grain  which  it  is  expected  will  be  handled. 

1403.  Valleys 

The  bottoms  of  hoppers  and  garners  shall  be  so  formed,  or  the  valleys  so  filled  that 
sharp  V-valleys  will  be  avoided.  Valleys  of  wooden  hoppers  and  garners  shall  be  metal- 
sheathed.  The  pitch  of  valleys  shall  be  not  less  than  36  degrees  in  the  hopper  and  40 
degrees  in  the  garner. 

1404.  Gates 

.  Hopper  and  garner  gates  shall  be  grain-tight  and  shall  operate  freely.  Devices  for 
operating  the  gates  shall  be  located  on  the  weighbeam  side  of  the  hopper,  within  con- 
venient reach  of  the  weigher,  and  shall  be  provided  with  means  to  indicate  the  closed 
position  of  the  gates  and  to  prevent  accidental  opening  of  them.  All  gate  levers  shall  be 
moved  in  the  same  direction  to  perform  similar  functions.  No  operating  device  shall 
impose  any  lateral  or  vertical  restraint  on  a  hopper  except  at  the  time  of  operation. 
The  garner  gate  shall  be  so  located  as  to  discharge  grain  centrally  into  the  hopper. 

1405.  Canvas  Dust  Guards 

When  canvas  or  similar  material  is  used  to  enclose  the  opening  between  the  garner 
and  the  hopper,  it  shall  be  attached  only  to  the  garner,  and  provision  shall  be  made  for 
the  free  escape  of  air. 

56— XV  FOUNDATION 
1501.  General 

The  supporting  structure  for  a  hopper  scale  shall  extend  up  from  the  main  founda- 
tion of  the  elevator  and  shall,  insofar  as  practicable,  be  rigid,  integral,  and  free  from  all 
secondary  vibration  under  normal  conditions  of  elevator  operation.  The  immediate  sup- 
port for  the  scale  shall  be  the  scale  floor,  which  shall  preferably  be  of  reinforced  con- 
crete and  shall  be  constructed  with  a  minimum  of  openings  through  which  air  currents 
may  flow  to  disturb  the  balance  condition  of  the  scale.  A  hopper  scale  shall  not  be  in- 
stalled in  a  bin,  over  an  open  bin  or  open  pit,  or  on  bin  cribbing.  Suitable  provision  for 
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anchoring  the  lever  fulcrum  stands  and  shelf  pillars  shall  be  provided.  The  design  shall 
permit  reasonably  convenient  removal  of  the  scale  parts  for  reconditioning. 

1502.  Weighbeam  Location 

The  arrangement  shall  be  such  that  not  more  than  one  extension  lever  is  required 
between  the  shelf  lever  and  the  load-receiving  levers.  "Right-hand"  weighbeams  are 
preferred. 

1503.  Hopper  Clearances 

Except  as  permitted  in  paragraph  1201,  a  clearance  of  at  least  6  inches  shall  be 
provided  around  each  hopper. 


56— XVI  INSTALLATION 

1601.  Stands 

The  lever  fulcrum  stands  shall  be  set  level  and  plumb,  without  shims  or  grouting, 
and  securely   anchored  in  proper  alinement  and  position. 

1602.  Alinement 

All  levers  shall  be  level  and  connections  plumb. 

1603.  Weighbridge  and  Hopper  Supports 

The  weighbridge  shall  be  constructed  of  steel,  and  shall  be  so  designed  and  con- 
structed that  the  tops  of  the  main  load  bearing  assemblies  may  be  bolted  to  it  in 
proper  alinement.  Insofar  as  practicable,  the  hopper  supports  shall  transmit  the  load  to 
the  weighbridge  vertically  over  the  main  load  knife-edges  of  the  scale.  The  design  and 
assembly  of  the  hopper  and  weighbridge  on  the  lever  system  shall  produce,  as  nearly  as 
may  be,  equal  distribution  of  load  to  the  main  bearings  of  the  scale,  without  measurable 
tendency  to  alter  the  horizontal  alinement  as  a  result  of  normal  filling  or  emptying  of 
the   hopper   or   application   or   removal  of   test  weights. 

1604.  Test  Weight  Hangers 

Means  shall  be  provided  for  applying  test  load.  The  arrangement  shall  permit  test- 
load  application  substantially  at  the  vertical  center  lines  through  the  main  load  bearings. 
Detachable  rods  are  recommended,  and  the  arrangement  should  permit  movement  to 
proper  position  of  wheeled  cradles  carrying  test  weights,  and  their  ready  hooking  to  and 
unhooking  from  the  lower  ends  of  the  hanger  rods. 

1605.  Safety  Piers  or  Hangers 

Suitable  piers,  posts  or  hangers  shall  be  provided  to  prevent  excessive  drop  of  the 
hopper  or  scale  levers  should  failure  of  the  scale  parts  occur.  A  clearance  of  not  to  exceed 
one  inch  shall  be  provided  between  the  pier,  post  or  hanger  and  the  part  which  it  is 
intended  to  protect. 

1606.  Vents  and  Signal  Lines 

Vent  or  other  pipes  connected  to  any  fixed  part  of  the  elevator  shall  not  be  attached 
to  scale  hoppers.  No  signal  wires  or  cords  or  other  similarly  objectionable  devices  shall 
pass  through  a  scale  hopper  or  be  attached  to  it  or  to  the  scale  parts. 

1607.  Accessibility 

The  scale  parts  shall  be  reasonably  accessible,  under  normal  elevator  operating  con- 
ditions,  for   cleaning,  painting,  adjustment,  etc. 
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1608.  Protection  from  Corrosion 

The  finish  and  treatment  of  all  surfaces  shall  be  such  as  to  insure  good  appearance 
and  satisfactory  resistance  to  corrosion.  The  surface  treatment  shall  be  durable  and 
appropriate  to  the  intended  uses. 

56— XVII  PERFORMANCE  REQUIREMENTS 

1701.  Scale  Tolerances 

The  tolerance  on  ratio,  in  excess  or  deficiency,  for  a  new  hand-operated  grain- 
hopper  scale,  after  installation  corrections,  shall  be  0.05  percent  of  the  test-weight  load 
simultaneously  distributed  equally  to  the  main  load  bearings.  At  any  load,  the  weight 
value  indicated  on  the  weighbeam  shall  not  differ  from  the  weight  indication  using 
standard  counterpoise  weights  by  more  than  the  value  of  the  minimal  weighbeam 
graduation. 

1702.  Testing  Equipment 

The  equipment  used  to  test  a  hand-operated  grain-hopper  scale  shall  comprise: 

(a)  A  complement  of  test  weights  adjusted  to  National  Bureau  of  Standards  toler- 
ances for  class  C  weights,  and 

(b)  A  complement  of  slotted  counterpoise  weights,  adjusted  to  National  Bureau  of 
Standards  tolerances  for  class  B  weights. 

1703.  Method  of  Test 

The  tolerance  stated  in  Paragraph  1701  hereof  comprehends  that  the  scale  is  tested 
to  its  capacity  by  applying  test  weights  exclusively.  When  circumstances  do  not  permit 
this,  the  minimal  test-weight  load  to  be  used  shall  be  8  percent  of  the  nominal  capacity 
of  the  scale,  increased  as  necessary  to  equal  a  simple  multiple  of  1,000  pounds.  The 
cradles  referred  to  in  Paragraph  1604  hereof  shall  be  considered  a  part  of  the  test-weight 
load  if  their  masses  are  individually  known  to  be  adjusted  to  within  class  C  tolerances. 

The  test-weight  hangers  shall  be  applied  to  the  weighbridge  or  to  the  bearing 
assemblies,  and  a  complement  of  "error  weights"  shall  be  placed  on  some  convenient 
shelf  or  other  surface  of  the  hopper  or  weighbridge.  With  the  hopper  empty,  the  scale 
shall  then  be  brought  to  accurate  zero-load  balance.  The  available  test-weight  load  shall 
be  applied,  distributed  equally  among  the  four  corners  of  the  scale,  and  a  corresponding 
amount  of  standard  counterpoise  weights  shall  be  placed  on  the  counterpoise  hanger. 
The  weighbeam  shall  then  be  brought  to  an  accurate  balance  condition  by  adding  or 
removing  "error  weights",  and  the  indicated  error  shall  be  taken  as  the  value  of  the 
"error  weights"  so  added  or  removed. 

This  procedure  shall  be  followed,  in  addition  to  the  foregoing,  with  the  hopper 
approximately  one-half  full,  and  again  with  the  hopper  loaded  to  the  scale  capacity  less 
at  least  the  value  of  the  test  load  being  used.  In  the  case  of  all  observations  made  with 
grain  in  the  hopper,  sufficient  time  shall  elapse  before  the  test-weight  load  is  added  or 
removed,  as  the  case  may  be,  to  establish  that  there  is  no  leakage  of  grain  through  the 
hopper  or  garner  gates. 

1704.  Counterpoise- Weight  Tolerances 

Counterpoise  weights  furnished  with  or  belonging  to  a  grain-hopper  scale  shall  be 
separately  tested  by  comparing  them  on  a  sensitive,  equal-arm  balance  with  the  standard 
counterpoise  weights  required  by  Paragraph  1702  hereof.  The  tolerances  to  be  allowed  in 
excess  or  deficiency  on  new  counterpoise  weights  for  a  grain-hopper  scale  shall  be: 
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Nominal  Value 

of  Weight  Tolerance 

(Pounds)  (grains) 

10   10 

8   9 

5    6.5 

4    6 

3    5 

2    4 

1    2.5 

1705.  Sensibility  Reciprocal 

The  sensibility  reciprocal  (SR)  is  the  change  in  load  required  to  turn  the  weigh- 
beam  from  a  position  of  equilibrium  in  the  center  of  the  trig  loop  to  a  position  of 
equilibrium  at  either  limit  of  its  travel.  The  value  of  the  SR  shall  preferably  be  deter- 
mined by  adding  or  removing  "error  weights". 

At  any  load  within  its  capacity,  the  weighbeam  of  a  new  hand-operated  grain- 
hopper  scale  shall  be  in  stable  equilibrium,  and  the  SR  shall  not  exceed: 

Nominal  Capacity 

of  Scale  Permissible  SR 

(pounds)  (pounds) 

30,000   5 

48,000   10 

72,000   10 

120,000   10 

150,000   10 


Report  on  Assignment  7 

Modernization  of  Passenger  Terminals 

Collaborating  with  Committee  6 — Buildings 

H.  L.  Ripley  (chairman,  subcommittee),  J.  R.  W.  Ambrose,  C.  E.  Armstrong,  J.  E. 
Armstrong,  C.  J.  Astrue,  H.  Austill,  A.  L.  Becker,  V.  J.  Bedell,  H.  F.  Burch,  F.  T. 
Darrow,  M.  H.  Dick,  R.  J.  Hammond,  E.  T.  Johnston,  J.  S.  Knight,  H.  C.  Lorenz, 
C.  A.  Mitchell,  C.  H.  Mottier,  W.  B.  Rudd,  W  C.  Sadler,  E.  E.  R.  Tratman,  V.  R- 
Waning,  R.  W.  Willis. 

Last  year  your  committee  submitted  a  report  of  considerable  detail  in  connection 
with  the  modernization  of  passenger  terminals  to  meet  the  desires  and  expectations  of 
the  patrons,  brought  about  in  large  measure  by  changing  habits,  practices  and  the 
conveniences  to  which  they  have  become  accustomed  in  their  daily  living.  That  report 
appears  in  the  Proceedings,  Vol.  43,  pages  149  and  713. 

The  report  of  the  subcommittee  for  this  year  is  confined  to  a  presentation  of  a 
draft  of  the  conclusions  carried  over  from  last  year's  report  where  they  were  presented 
for  information,  discussion  and  criticism,  and  are  now  offered  for  inclusion  in  the 
Manual. 

As  stated  last  year,  the  war  has  changed  the  picture  since  the  original  assignment 
was  made,  and  the  committee  recommends  the  acceptance  of  these  conclusions  as  a  guide 
for  the  future,  definitely  not  for  the  term  of  the  emergency  when  material  and  men 
will  be  needed  for  the  urgent  requirements  of  the  war  effort  and  should  not  be  diverted 
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to  things  that  can  wait.  Your  committee  considers  the  modernization  of  passenger  ter- 
minals that  have  served  and  can  continue  to  serve  their  purpose  as  one  of  the  things 
that  can,  and  should,  wait. 

Your  committee  recommends  the  following  conclusions  for  publication  in  the 
Manual. 

1.  Nothing  can  take  the  place  of  or  do  as  much  for  a  favorable  public  reaction 
at  a  terminal  as  cleanliness  and  good  housekeeping. 

2.  Economic  considerations  should  never  be  lost  sight  of  in  studying  improvements 
contemplated  in  connection  with  a  passenger  terminal. 

3.  Rail  and  bus  terminals  can  sometimes  be  combined  with  advantage  to  both 
services. 

4.  Tracks  and  platforms  must  often  be  lengthened  to  take  care  of  the  longer  trains 
now  in  general  use.  This  in  turn  requires  careful  attention  to  revised  signaling. 

5.  Umbrella,  butterfly  or  other  modern  types  of  platform  shelters  should  be  con- 
sidered in  place  of  balloon  train  sheds  when  major  changes  are  to  be  made. 

6.  The  character  of  the  country  and  the  prevailing  type  of  architecture  in  the  locality 
should  have  careful  attention. 

7.  Because  of  changes  in  habits  and  in  facilities  available  for  travel  to  and  from 
terminals,  less  waiting  time  in  the  station  is  now  the  rule,  but  passengers  expect  better 
and  more  modern,  though  not  necessarily  bigger  accommodations  in  the  concourse  and 
waiting  room,  when  buying  tickets  or  checking  baggage,  in  the  toilet  facilities  and  in 
general  service  conveniences.  These  should  be  provided  when  major  changes  are  made. 

8.  A  single,  combined,  waiting  room  can  be  substituted  to  advantage  for  the  old 
arrangement  of  two  separate  rooms,  but  a  proper  and  attractive  retiring  room  for  women 
should  be  provided. 

9.  The  old  smoking  room,  which  often  was  used  largely  as  a  loafing  place  for  unde- 
sirables, may  be  abolished  when  extensive  changes  are  made. 

10.  Substitution  of  a  closed-in  concourse,  with  a  tight  partition  between  it  and 
the  train  shed  in  place  of  an  open  grill,  with  a  sufficient  supply  of  heat  to  make  it  com- 
fortable for  passengers  in  winter  weather  is  desirable  and  is  becoming  a  general  practice, 
as  it  will  permit  the  use  of  the  concourse  as  an  adjunct  to  the  waiting  room.  Many 
passengers  prefer  to  wait  where  they  can  see  the  trains  if  they  can  do  so  without 
discomfort. 

11.  Care  should  be  taken  to  make  it  inconvenient  for  non-passengers  to  use  the  con- 
course and  passages  as  thoroughfares,  as  such  use  may  interfere  with  patrons  of  the 
railroads. 

12.  Directional  signs  should  be  given  particular  attention.  They  should  be  displayed 
conspicuously,  easy  to  see  but  not  gaudy,  and  they  should  be  repeated  so  that  if  a 
passenger  going  in  the  wrong  direction  misses  one,  another  farther  along  will  set  him 
right.  This  is  especially  important  where  corridors  are  long  and  winding  and  facilities  are 
at  different  levels. 

13.  Improvement  at  the  ticket  counter  by  the  substitution  of  larger  openings  for  the 
former  narrow  grilled  windows  or,  at  points  where  it  is  feasible  to  do  so,  the  replace- 
ment of  the  windows  and  grills  by  an  open  counter  makes  for  a  more  friendly  atmos- 
phere. Provision  for  protection  of  the  money  and  the  ticket  stock  should  not  be  over- 
looked. 

14.  Substitution  of  modern  furniture  such  as  chairs,  couches  and  a  few  tables  in  place 
of  old,  stiff,  straight-backed  benches,  and  the  substitution  of  modern  lighting  and  at- 
tractive painting  with  due  attention  to  the  color  scheme,  will  transform  an  old  type 
waiting  room  into  a  pleasing  room  at  relatively  small  expense. 
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15.  Generally,  coin-locked  pay  toilets  should  be  substituted  for  some  of  the  former 
free  toilets  and,  at  the  larger  terminals  at  least,  coin-locked  dressing  rooms  and  baths 
may  be  provided  where  warranted. 

16.  Substitution  of  modern  heating,  properly  planned,  will  often  result  in  a  reduced 
cost  for  its  operation  and  maintenance,  as  well  as  providing  better  service. 

17.  Adequate  provision  for  parking  private  automobiles  while  waiting  for  trains 
should  be  provided  if  practicable. 
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Pennsylvania — Yard  communication  svstem  and  cost  at  Columbus,  Ohio — Signal  Section, 

AAR,  Proceedings,  1942,  Vol.  39,  No.  1,  p.  19. 
Pennsylvania — Expansion    of    Harrisburg,    Enda    and    Southport    yards — Railway    Age, 

1942.  March  7  and  14,  pp.  516  and  566. 
Pennsylvania — Reconstruction  of  stockyards  at  Jersey  City  after  fire — Railway  Age,  1942, 

January  17,  p.  233. 
Toledo,  Peoria  &  Western — Rules  for  employees  in  yards  and  engine  terminals — Railway 

Age,  1942,  August  1,  p.  153. 
Western    Maryland — Coal   yards   and   mine   connections — Railway   Age,    1942,   May    18, 

p.  950. 
Western  Pacific — Program  for  yard  expansion — Railway  Age,  1942,  March  14,  p.  566. 
Black-Outs — Yards  and  stations;  signal  lighting — Railway  Age,  1942,  January  3,  p.  50; 

February  7,  p.  326;  June  13,  pp.  1146,  1155. 
Blowing-Off — Locomotives  blowing-off  in  yards  affects  track  maintenance — AREA,  Pro- 
ceedings, 1942,  pp.  42,  85,  499,  735. 
Car  Loading — Patent  on  device  for  loading  watermelons  purchased  by  AAR — Railway 

Age,  1942,  June  6,  p.  1119. 
Car  Loading — Device  for  safe  loading  of  box  cars — Railway  Age,  1942,  March  7,  p.  488. 
Car  Loading — Systematic  records  on  carload  movements;  Missouri  Pacific — Railway  Age, 

1942,  March  7,  p.  497. 
Car  Loading — Coal  carloads  increased  by  methods  for  expediting  heavy  traffic — Railway 

Age,  1942,  June  13,  p.  1149. 
Car  Loading — Expediting  loading  and  unloading  of  freight  cars  in  war  time — Railway 

Age,   1942,  May  23,  p.   1038 — Railway  Gazette   (London),  1941,  November  21  and 

28,  December  5,  pp.  538,  564,  565,  595. 
Car  Loading — Gasoline  trucks  of  1,000  to  2,000  bbl.  capacity  for  handling  freight  and 

loading  cars — Marine  Engineering,  1942,  February,  p.  103. 
Car  Repairs — Repair  track  facilities — Railway  Mechanical  Engineer,  1942,  April,  p.  135. 
Car  Retarders — Retarders   and   signals   in   freight  yards   used   less   in   England   than   in 

the  United  States— The  Engineer  (London),  1942,  July  10,  p.  22. 
Car   Retarders — Hydraulic   "Marchais"   retarders,  with   spring-supported  rails,   in  hump 

yard  at  Rennes,  French  National  Railways — Railway  Gazette  (London),  1942,  March 

27-April  3,  p.  432. 
Classification  Yard — U.  S.  Army  builds  yard  for  800  cars  on  line  serving  ordnance  plant 

—Railway  Age,  1942,  March  28,  p.  638. 
Coal  Tipples — Classifying,  cleaning  and  loading  coal — Coal  Age,  1941,  September,  p.  59; 

October,  p.   119;   December,  p.  50;   1942,  March  and  April,  pp.  58  and  89. 
Containers — For  frozen  products — AREA,  Proceedings,  1942,  p.  136 — Railway  Age,  1942, 

May  2,  p.  864. 
Containers — Dry-ice  containers  for  LCL  freight;  44  and  58  cu.  ft. — Illinois  Central — 

Railway  Age,  1941,  November  15,  p.  799. 
Containers — Refrigerated  containers  for  LCL  freight;  Railway  Express  Agency — Railway 

Age,  1942,  August  15,  p.  275. 
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Containers — Portable  containers  of  100  cu.  ft.  for  perishable  goods;  anchored  to  car 
floor;    St.   Louis-San   Francisco — Railway  Age,   1942,  March   21,  p.  618. 

Cold  Storage — Handling  frozen  and  quick-frozen  foods — AREA,  Proceedings,  1942,  pp. 
136,  695— Railway  Age,  1942,  May  2,  p.  862. 

Forwarders — Government  regulation  proposed — Railwav  Age,  1942,  January  31,  May  9, 
pp.  313,  911. 

Grain  Elevators — Portable  mechanical  loaders  in  Canada — Canadian  Transportation.  1942, 
May,  p.  253. 

LCL  Freight — Average  minimum  car  loads  prescribed  by  government — Railway  Age,  1942, 
March  28,  p.  665;  August  1,  p.  185. 

LCL  Freight — Damage  reduced  by  car  bulkheads — Railway  Age,  1942,  June  6,  p.  1112. 

LCL  Freight — Baltimore  &  Ohio  handles  shipments  into  New  York  by  motor  trucks — 
Railway  Age,  1942,  June  27,  p.  1241. 

Oil  Traffic — Loading  facilities — Railway  Age,   1942,  August  22,  p.  308. 

Platforms— Electric  lighting  of  driveways  and  shipping  platforms — Iron  and  Steel  En- 
gineer, 1942,  July,  p.  45. 

Platforms — Various  wearing  surfaces — American  Railway  Bridge  and  Building  Associa- 
tion, Proceedings,  1942 — Railway  Engineering  and  Maintenance,  1942,  November. 

Refrigerator  Cars — Construction  methods — Refrigerating  Engineer,  1942,  March,  p.  143. 

Scales — Track  and  motor-truck  scales  specifications  of  AREA  as  standards — AREA,  Pro- 
ceedings, 1942,  pp.  25,  29. 

Scales — Track  scales  of  Western  Maryland  at  Knobmount  vard — Railway  Age,  1942, 
May  18,  p.  951. 

Switching  Locomotives — Alcoa  Terminal;  oil-electric,  80-ton,  650  hp. — Railway  Age, 
1942,  February  14,  p.  375. 

Switching  Locomotives — American  Locomotive  Co.,  oil-electric,  1,000  hp. — Railway  Age, 
1942,  January  31,  p.  291. 

Switching  Locomotives — Atlas  Car  &  Mfg.  Co.,  oil-electric,  65-ton,  400  hp. — Railway 
Age,  1942,  May  18,  p.  953. 

Switching  Locomotives — Boston  &  Maine,  oil-electric,  44-ton,  for  light  industrial  switch- 
ing— Railway  Age,  1942,  October  10,  p.  558. 

Switching  Locomotives — Canadian  National;  20  oil-electric  engines  replace  29  steam 
engines,   1,000  hp.,  115  tons — The  Engineer   (London),  1942,  June  19,  p.  513. 

Switching  Locomotives — Chicago  district;  oil-electric  engines  reduce  smoke  nuisance — 
Smoke  Prevention  Association,  Proceedings,  1942 — Railway  Age,  1942,  July  25, 
p.  139. 

Switching  Locomotives — New  York,  Susquehanna  &  Western;  oil-electric  engines,  1,000 
hp.,  work  24  hours  per  day — Railway  Age,  1942,  July  18,  p.  101. 

Switching  Locomotives — Tennessee  Coal,  Iron  &  Railroad  Co.;  oil-electric  engine,  1,000 
hp.,  115  tons — Railway  Mechanical  Engineer,  1942,  February,  pp.  62,  68. 

Switching  Locomotives — Review  of  oil-electric  use — Railway  Age,  1942,  February  7, 
March  14  and  June  27,  pp.  338,  525  and  1235. 

Trains— Servicing  freight  and  passenger  trains,  Southern  Pacific — Railway  Mechanical 
Engineer,  1942,  September,  p.  390. 

Track  Brakes — (See  Car  Retarders). 

Truck  Terminal — New  York,  New  Haven  &  Hartford;  proposed  four-story  $2,000,000 
building  at  New  York — Engineering  News-Record,  1942,  February  12,  p.  236. 

Warehouses — (See  Cold  Storage) . 

Warehouses — U.  S.  Army  terminal  for  railway  cars  and  motor  trucks — Engineering 
News-Record,   1942,   May   7,  p.   768. 

Yards — Communication  between  yard  engines,  hump  cabin  and  car-retarder  operators — 
Railway  Age,  1941,  October  4,  p.  540;  1942,  January  3,  p.  128 — Telegraph  and 
Telephone  Section,  AAR,  Proceedings,  1941 — Railway  Signaling,  1941,  October,  p.  561 
— Signal  Section,  AAR,  Proceedings,  1942,  Vol.  39,  No.  1,  p.  18. 

Yards — Automatic  telephones  for  intercommunication  in  Chicago  terminal  area;  Illinois 
Central — Railway  Age,  1941,  November  29,  p.  908. 

Yards — Spring   switches — Railway   Age,    1942,   January   3,   p.   134. 

Yard  Operation — Speed  and  economy  for  war  service — American  Association  of  Railroad 
Superintendents,  Proceedings,  1942 — Railway  Age,  1942,  January  3,  March  14, 
May  23,  May  30,  pp.  34,  38,  39,  50,  128,  525,  1013,  1085,  and  July  18,  p.  89. 

Yard  Operation — Newspaper  reporter's  description  of  yard  and  transfer  services — Chicago 
Daily  News,  1942,  June  19. 
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Yard  Operation — Terminal  and  yard  operation  under  war  conditions  of  heavy  traffic — 

Pacific  Railway  Club,  Proceedings,  1942,  July. 
Yardmaster — Training  and  qualifications — Railway  Age,  1941,  November  29.  p.  919. 

Locomotive  Terminals  and  Railroad  Shops 

Atchison,  Topeka  &  Santa  Fe — Locomotive  inspection  pit  at  Albuquerque — Railway 
Mechanical   Engineer,   1942,  March,  p.   111. 

Canadian  National — Turntable  for  57-stall  engine  house  at  Montreal  with  circle  rail  on 
concrete  blocks — Canadian  Transportation,  1942,  January,  p.  7 — Railway  Engineer- 
ing and  Maintenance,  1941,  October,  p.  679;  1942,  November — American  Railway 
Bridge  and   Building  Association,  Proceedings,   1942. 

Claiborne  &  Polk — Engine  terminal  at  Camp  Claiborne  on  U.  S.  Military  Railway — Rail- 
way Age,  1942,  August  1,  p.  167. 

Delaware  &  Hudson — New  track  layout  at  Mechanicville — Railway  Engineering  and 
Maintenance,    1942,  February,  p.   106. 

Delaware  Coach  Co.- — Inspection  pits  and  car  washers  at  Wilmington — Transit  Journal, 
1942,  June,  p.  212. 

Erie — New  car  shop  and  repair  tracks  at  Marion — Erie  Railroad  Magazine,  1942,  June, 
p.  7. 

Great  Northern — Car  shop  devices — Railway  Mechanical  Engineer,  1942,  July  and  Sep- 
tember, pp.  306,  398. 

Great  Northern — Ore  dock  and  yard  at  Allouez — Railway  Age,  1942,  February  14,  p.  370. 

New  York  Central — Enginehouse  at  Bellefontaine  with  roof  trusses  of  creosoted  timber 
— Wood  Preserving  News,  1942,  April,  p.  45. 

Pennsylvania — Large  coaling  stations  at  East  Altoona  and  Pittsburgh  to  increase  servicing 
capacity — Engineering  News-Record,  1942,  October  8,  p.  54 — Railway  Age,  1942, 
March  14,  p.  548. 

Pennsylvania — Enginehouse  with  glass  blocks  instead  of  window  sash — Railway  Engineer- 
ing and  Maintenance,  1942,  September,  p.  607. 

Pere  Marquette — New  engine  terminal  at  St.  Thomas — Railwav  Age,  1942,  September  5, 
p.  369. 

Portland  Traction  Co. — Pit  jacks  in  motor-coach  shops  at  Portland,  Oregon — Transit 
Journal,   1942,  June,  p.   214. 

Southern — Scrap   and   stores  handling — Railway   Age,   1941,   December   27,  p.   1078. 

Southern — Water  service  modernized — Railway  Engineering  and  Maintenance,  1941, 
December,    p.    873. 

Southern  (England) — Rectangular  enginehouse  at  Norwood  with  five  stub  tracks  open- 
ing from  lead  track;  coaling  station  incline  has  trap  switch  and  sand  drag — Railway 
Gazette    (London),    1942,   August   14,   p.    156. 

Toledo,  Peoria  &  Western — Rules  for  employees  at  engine  terminals  and  vards — Railway 
Age,  1942,  August  1,  p.  153. 

Western  Maryland — Engine  terminal  for  heavv  coal  traffic  at  Spruce,  W.  Va. — Railway 
Age,  1942,  May  18,  p.  950. 

Western  Maryland — Sand  drying  and  storage  plant  at  Hagerstown,  Md. — Railway  Age, 
1942,  January  24,  p.  255. 

Engine  Terminals — Ash  and  cinder  handling  plant — Railway  Age,  1942,  March  14,  p.  549 
— Railway  Engineering  and  Maintenance,  1942,  August,  p.  552. 

Engine  Terminals — Blowing-off  of  engines — Railway  Engineering  and  Maintenance,  1942, 
August,   p.    541— AREA,    Proceedings,    1942,   pp.   42,    85,   499,    735. 

Engine  Terminals — Designing  for  economics  and  modern  requirements — Railway  Me- 
chanical Engineer,  1942,  pp.  167,  169. 

Engine  Terminals — Lighting  inspection  pits  at  bus  and  engine  terminals — Transit  Journal, 
1942,  August,  p.  288. 

Engine  Terminals — Rail  fastenings  at  turntables  and  inspection  pits — Railway  Engineer- 
ing and  Maintenance,  1942,  November — American  Railway  Bridge  and  Building 
Association,  Proceedings,  1942. 

Engine  Terminals — Rapid  turn-around  of  locomotives — Railway  Age,  1942,  July  4,  p.  25. 

Engine  Terminals — Stock  and  storekeeping  by  terminal  companies — Railway  Age,  1942, 
August  8,  p.  227. 

Engine  Terminals — Supervision  and  modern  facilities — Railwav  Mechanical  Engineer, 
1942,  April,  p.  135. 
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Scrap— Conservation  and  utilization  at  scrap  yards — Railway  Age,  1942,  August  8,  p.  223 

— Railway  Engineering  and  Maintenance,  1942,  August,  p.  533. 
Scrap — Salvage  methods — Mechanical  Engineering,  1942,  June,  p.  449. 
Shops — Black-outs  and  lighting — Railway  Age,  1942,  January  3,  p.  50. 
Shops — Car  repair  shops  with  inspection  pits  and  transfer  tables — Transit  Journal,  1942, 

May  and  July,  pp.  174  and  324. 
Shops — Welding  practice — Railway   Mechanical   Engineer,   1942,  June,  pp.  241   and   270. 
Turntables — Design   and   specifications— AREA,  Proceedings,   1942,  pp.  368  and   738. 
Turntables — Inspection   systems — Railway  Engineering  and  Maintenance,   1941,  October, 

p.  715. 
Turntables — Ball-and-cup    bearing    design    on    Northwestern    Railway,    India — Railway 

Gazette    (London),    1942,    February    13,   p.    237. 
Water    Service — Conserving    materials;    and    increased    supply    for    fast-freight    trains — 

American    Railway    Bridge   and    Building   Association,    Proceedings,    1942 — Railway 

Engineering  and  Maintenance,   1942,  November. 
Water  Service — Water  and  fuel  facilities  in  relation  to  war  service — Railway  Age,  1942, 

January  3,  p.  34. 
Water  Service — Water  and  fuel  stations  for  modern  traffic — Railway  Age,  1941,  Novem- 
ber 1  and  22,  pp.  701,  704,  869 — American  Railway  Bridge  and  Building  Association, 

Proceedings,  1941. 
Water  Service — Water  columns  and  pipe  lines — AREA,  Proceedings,  1942,  p.  99 — Railway 

Engineering  and  Maintenance,  1942,  p.  411. 
Water   Service— Water   treatment   for  foaming  and  priming — AREA,  Proceedings,   1942, 

pp.  42  and  74 — Railway  Engineering  and  Maintenance,  1942,  July,  p.  473. 
Water  Service — -Tanks  of  creosoted  wood  staves  save  steel  for  war — Railway  Engineering 

and  Maintenance,  1942,  October,  p.  497. 
Water   Service — Welded   steel   tanks;    specifications — AREA,   Proceedings,    1942,   pp.    88, 

760,  763. 

Rail  and  Water  Terminals 

Canada — National  Harbors  Board  report  for   1941 — Canadian  Transport,   1942,  August, 

p.  487. 
Conneaut — Turning  basin;  dock  of  steel  sheet  piling  with  concrete  deck — Railway  Age, 

1942,  January  10,  p.  187. 
Emden — Inland   port   of   Germany,   with   ore-handling   plant — The   Engineer    (London), 

1942,  July   31,  p.   89. 
Escanaba — New  docks  and  harbor  facilities  for  increased  shipping  of  iron  ore — Railway 

Age,  1942,  August  15,  p.  278. 
Great  Lakes — Car  ferry  "Sainte  Marie"  of  Mackinac  and  St.  Ignace  service  loaned  to 

U.  S.  Coast  Guard  to  break  passage  to  the  Soo  and  expedite  ore  shipments — Railway 

Age,  1942,  March  14,  p.  559. 
Great  Lakes — U.  S.  regulations  for  ships  passing  the  Soo  Locks  during  the  war — Canadian 

Transportation,  1942,  May,  p.  305. 
Great  Lakes — Ore  shipments  and  general  traffic  in  1941 — Marine  Engineering,  1942,  Jan- 
uary, p.   136 — Canadian  Transportation,   1942,  February,  pp.   113,   115,   117. 
Halifax — Dry  dock  or  marine  railway  of  3,000  tons  capacity — Marine  Engineering,  1942, 

March,  p.  134. 
Hoboken — Delaware,    Lackawanna    &   Western;    railway    terminal    and   ferry    for   New 

York— Railway  Age,   1942,  June  6,  p.  1128. 
Karlsruhe — Large  inland  port  and  railway  terminal  in  Germany — The  Engineer  (London) , 

1941,  November  14,  p.  326. 
Lambert's  Point — Coal  shipping  facilities  of  Norfolk  &  Western — Railway  Age,   1941, 

December  6.  p.  941. 
Tennessee  Valley — TVA  to  build  terminals  at  Knoxville,  Chattanooga,  Guntersville  and 

Decatur.    Freight    houses   served   by    barges,    cars    and   motor   trucks — Engineering 

News-Record,   1942,  July  9,  p.   71. 
United  States  Ports — Heavy  export  freight  handled  quickly — Railway  Age,  1942,  May 

23   and  30,  pp.  982  and  1089;  August  8,  p.  239. 
Car  Ferry — Canadian  Pacific;  transfer  boat  of  17  cars  capacity  between  Vancouver  and 

Vancouver    Island — Canadian    Transportation,    1942,    February    and    March,    pp. 

116,    182. 
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Car   Ferry — Denmark;    new  service  with   terminal  docks  at  Redby   Havin    (Denmark) 

and  Femern   (Germany)   for  shorter  route  Copenhagen-Hamburg — Railway  Gazette 

(London),  1941,  November  14,  p.  510. 
Car  Ferry — Steamer  "Sainte  Marie"  of  Mackinac  Straits  service  loaned  to  U.  S.  Coast 

Guard  to  break  up  ice  in  approaches  to  the  Soo  locks  to  expedite  ore  shipments — 

Railway  Age,  1942,  March  14,  p.  589. 
Car  Ferry — Eastern  Bengal  (India)  ;  barge  and  steamer  landing  on  Padma  River;  groups 

of  tracks  at  right  angles  to  river — Railway  Gazette  (London),  1942,  July  31,  p.  105. 
Car  Ferry — Prince  Edward  Island  service  to  have  a  new  steamer  to  replace  "Charlotte- 
town,"  foundered  in  1941 — Canadian  Transportation,  1942,  February,  p.  113. 
Car  Ferry — "Seatrain"  service;  New  York-Havana-New  Orleans.  Steamers  carry  100  cars 

on  four  decks — Railway  Gazette  (London),  1941,  December  26,  p.  653. 
Car    Ferry — "Seatrain"   service;    interchange    rates   with    railways — Railway   Age,    1941, 

November  22,  p.  889. 
Ferry— Steamer   "Pocahontas"   for   passengers  and   vehicles   between   Cape   Charles   and 

Little  Creek,  Va. — Marine  Engineering,  1941,  November,  p.  115. 
Piers — Fire  hazards  and  fire  protection — National  Board  of  Fire  Underwriters,  Bulletin, 

1942 — Marine  Engineering,  1942,  February,  p.  116. 
Piers — Creosoted  timber  piles  and  framing  with  concrete  deck  90  ft.  wide,  having  railway 

tracks,  for  U.  S.  Army — Engineering  News-Record,  1942,  June  18,  p.  976. 
Wharf — Timber   and    sheet   pile   construction   with   wood   and   concrete   floor,   at   Port 

Socony,  New  York — Wood  Preservers  News,  1942,  January,  p.  6. 
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To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 
No  report. 

2.  Simplification  of  grading  rules  and  classification  of  timber  for  railway  uses, 
collaborating  with  other  organizations  interested. 

No  report. 

3.  Overhead  wood  or  combination  wood  and  metal  highway  bridges,  collaborat- 
ing with  Committee  IS — Iron  and  Steel  Structures;  and  conferring  with 
proper  committee  of  the  American  Association  of  State  Highway  Officials. 
No  report. 

4.  Specifications  for  design  of  wood  bridges  and  trestles. 

Progress  report,  including  specifications — submitted  for  adoption  page  362 

5.  Bearing  power  of  wood  piles,  with  recommendations  as  to  methods  of  deter- 
mination, collaborating  with  Committee  8 — Masonry. 

Final  report — presented  as  information   page  375 

6.  Recommended  relationships  between  the  energy  of  hammer  and  the  weight 
or  mass  of  pile  for  proper  pile  driving,  to  include  concrete  piles,  collaborating 
with  Committee  8 — Masonry. 

Final  report — presented  as  information   page  375 

7.  Improved  design  of  timber  trestles. 
No  report. 

8.  Specifications  and  design  of  fastenings  for  timber  trestles,  including  metal 
joint  connectors. 

No  report. 

The  Committee  on  Wood  Bridges  and  Trestles, 

R.  P.  Hart,  Chairman. 
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Report  on  Assignment  4 

Specifications  for  Design  of  Wood  Bridges  and  Trestles 

A.  B.  Chapman  (chairman,  subcommittee),  A.  E.  Bechtelheimer,  S.  Blumenthal,  H.  M. 
Church,  F.  H.  Cramer,  W.  O.  Nelson,  J.  A.  Newlin,  W.  A.  Oliver,  W.  C.  Schakel, 
R.  L.  Stevens.  I^^i 

At  the  annual  meeting  in  1941  your  committee  presented  as  information  a  tentative 
draft  of  Specifications  for  Design  of  Wood  Bridges  and  Trestles  for  Railway  Loading, 
and  requested  comments  and  criticisms  thereon.  The  specifications  were  extensively  re- 
vised and  presented  last  year  for  adoption  and  publication  in  the  Manual,  but  failed 
to  receive  approval.  The  material  has  been  slightly  rearranged  and  revised  and  is  again 
submitted  with  the  recommendation  that  it  be  adopted  and  published  in  the  Manual. 


SPECIFICATIONS  FOR  DESIGN  OF  WOOD  BRIDGES  AND 
TRESTLES  FOR  RAILWAY  LOADING 

FOREWORD 

The  following  specifications  contemplate  the  use  of  sound  piles  and  stress-grades 
of  structural  timbers  conforming  to  AREA  specifications,  particularly  Specifications  for 
Structural  Timbers,  and  Notes  on  Use  of  Stress-Grades.  Stress-grades,  working  unit 
stresses  and  principles  of  design,  except  for  treated  timber,  conform  to  recommendations 
of  U.  S.  Forest  Products  Laboratory,  based  on  exhaustive  tests.  Working  unit  stresses 
adopted  by  the  Engineer  should  conform  to  the  stress-grades  to  be  used  in  the  structure, 
making  due  allowance  for  exposure  and  moisture  conditions,  see  Table  70S. 

For  special  provisions  relating  to  grading  of  bridge  timbers  used  in  tension,  post 
sizes  used  in  bending,  and  beams  continuous  over  two  or  more  spans,  see  Notes  on  Use 
of  Stress-Grades. 

Seasoned  timber  acquires  a  permanent  deformation  or  set  under  long  continued 
loading.  This  set  is  about  equal  to  the  short  time  deflection,  using  moduli  of  elasticity 
as  given  in  the  tables.  The  ultimate  deflection  under  long  continued  loading  will  be  about 
twice  the  short  time  deflection.  Green  or  freshly  treated  timber  will  sag  much  more  as 
it  seasons. 

I  GENERAL  FEATURES  OF  DESIGN 
101.  Materials 

Timber  graded  under  AREA  Specifications  for  Structural  Timbers  is  expected  to  be 
used  in  structures  designed  in  accordance  with  the  provisions  which  follow.  Where  por- 
tions of  the  structure  consist  of  structural  steel,  reinforced  concrete  or  masonry,  the 
current  AREA  specifications  relating  to  structures  of  these  materials  will  apply,  with 
allowances  for  impact  provided  in   those  specifications. 
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Fig.  719. 
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102.  Clearances  4'-°'  4.-0i4-0m_4'-pl 

The  clearances  on  straight  track  shall  not  be 
less  than  those  shown  in  Fig.  719.  On  curvefd 
track  the  clearance  shall  be  increased  to  allow 
for  the  overhanging  and  the  tilting  of  a  car  85 
feet  long,  60  feet  between  centers  of  trucks,  and 
14  feet  high. 

The  superelevation  of  the  outer  rail  shall  be  as 
specified  by  the  Engineer.  Where  legal  require- 
ments provide  greater  clearances,  they  shall 
govern. 

103.  Stringers 
The  span  length,  for  the  purpose  of  comput- 
ing  bending   stresses    in    the   stringers,   shall   be 
assumed  as  the  clear  distance  face  to  face  of  bearings  plus  6  inches;  except  that,  if  con- 
tinuity is  figured  on,  the  intermediate  support  shall  be  taken  at  the  center  of  the  support. 

Stringers  shall  be  selected  to  provide: 

(a)  Depth,  preferably,  not  less  than  ^rV  of  the  span. 

(b)  Width,  not  less  than  %  of  the  depth. 

104.  Ties 

Crossties  shall  be  of  adequate  size  to  distribute  the  track  load  to  all  stress-carrying 
stringers,  with  the  stringers  in  a  group  placed  to  effect,  as  nearly  as  practicable,  equal 
distribution  of  track  loads.  An  approximate  analysis  to  determine  the  division  of  rail 
load  to  several  stringers  is  given  in  the  chart,  Fig.  720. 

Each  tie  shall  be  designed  to  carry  not  less  than  %  of  the  maximum  axle  load,  as 
well  as  to  provide  sufficient  stiffness  to  properly  distribute  loads  to  the  stringers.  Ties 
shall  be  secured  against  bunching,  and  the  maximum  clear  space  between  them,  on  open 
deck  bridges,  shall  be  8  inches. 

105.  Bents 

Bents  shall  consist  of  a  sufficient  number  of  piles  or  posts,  correctly  spaced,  so  that 
no  member  in  any  bent  will  be  overstressed  under  any  condition  of  loading.  For  the 
purpose  of  computing  stresses  in  the  bents  their  spacing  shall  be  considered  as  the 
distance  center  to  center  of  caps  thereon.  An  approximate  analysis  to  determine  the 
division  of  load  among  the  several  piles  of  a  bent  is  given  in  the  chart,  Fig.  721.  The 
application  of  this  analysis  to  bents  of  various  typical  dimensions  is  given  in  the  charts, 
Fig.  723,  in  Appendix  A. 

106.  Piles  and  Post  Footings 

Piles  shall  be  driven  to  the  required  bearing  capacity  in  accordance  with  AREA 
specifications  for  driving  wood  piles.  Posts  shall  be  provided  with  adequate  foundation 
to  support  the  loads  superimposed  upon  them. 


II  LOADS  AND  STRESSES 
201.  Loads  Considered 

The  following  loads  shall  be  considered: 

(a)  Dead  load. 

(b)  Live  load. 
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Distribution  of  Loao  to  Stringers  of  Timber  Trestles 

Distribution  based  on  ax\e  lo 
Application  of  load  to  string* 
parabolic  distribution  longit 
middle  half  of  span. 

P=   Wheel  load 

Xa,  'SW.Ic,  etc.*  load  taken 

by  successive  inner  stringers 

L*  Span  of  stringers ,  ft. 

b  ■  distance  between  centers 

of  outer  stringers,  Ft. 
a*  distance   between  centers 

of  successive  stringers,  ft 
Is  ■  Moment  of  Inertia  of  one  : 
It  •  Moment  of  Inertia  of  ties  per  ft.  of  span 

*  I  of  one  tie  -r  distance  c.c.ties,  inVft. 
di,  da.daa,  ect .,•  deflection  coefficients(See  sketches  below.) 


DEFLECTION   EQUATIONS  for  consistent  deflections  of  tie 

and  stringers  at  center  of  span. 

(?di  +  |«Ja)Xa+(di+t  d  ba)Xb+  (di**  dca)*.*  (di  + tdj^Xl"  (di+|  d  'a  )  P  (I  ) 

(d,v  td8b)Xa+(2d,^dbb)Xb+  (di  +  tdab  )Xc+  (d,+  tddb)Xd  =  (di  +  t.d'b}P (2) 

.(dit^dac)XaT-(dl+|dbc)Xb+(2di*tdcc)Xc+(di  +  |ddc)"Id-(dl+^dc)P A*) 

(d|vtd*j)^a+(d'  +  t^vxj)Xb+(d,^dcd)Xc+(2d>+|d<w)i:d=(d1+-5.dd)P .(A) 

For  Eight  Strinqers ,   use  equations (  I  \(Z\(  3)    omit    3Ld  terms. 
For   Six    Stringers,  use  equations!  I  ),(2),  °mit  Xc,  3Ld  terms. 

Deflection  Coefficients    ( Deflections  due  to  unit  loads). 


Stringer,  due  to  total  load  of  unity. 


Tie,   due  to  unit  loads  at  stringers 


.  1194  L* 

°{  *    61.440  EI-, 

Tie,  due  to  unit  loads  (at  rails) 


08     *>    <*»  & 


At  points  outside  of  load : 
d>     dtrC^'b'i-^e^X*) 
At  points  inside  of  load. 

d'-drrObx.'-s^-e*) 


A,,  dab  daedad 


j  dbbdbcdw 


n 


dcbd«dcl__ 


dw  °"J 


ddd 


ddb 


ddcddd 


7 


t-^-J 


UlL 


III: 


Use  eguationsto  left    for  deflections. 


Fig.  720. 
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Distribution    or     Load    to     Piles    of    Timber     Tre.stle.5 

R    •   live   load    taken    bg   one    bent    Cone    rail)  ,   Wips  ,         r< 

Xq=  load  taken   by    one   inside   pile,   Uip=,  P  k ■ J 

Xb'  load  token  by   one   intermediate    pile,  kips  i         !        f 

c,  c, ,  Ci  '  distance    of    inner    pile  from    t-    of    bent,    incbe.s 

b    -distance   between     outer    piles,    inches. 

a    •  width   of  stringer    bearing    on  Cap,  inches    (assumed    uniform) 

For    ballast    floor    bridges     a    ma^    be    taken    as    GO"  ■ 
I  -   moment    of  inertia    of   cop,     in*. 
A  «   cross  -  section    area    of  cap,    sq.   in. 
L    "   effective    length    of  pile,    inches. 

length    +  ^     penatration. 
D   *  depth   of  cap,   inches 
B    •  breodth   of   cap,    inches. 

E    ■  modulus    or    elasticity,   in    bending  and  axial    compression,   Kips/sq.u 
ET' modulus    of  elasticity,    transverse    (&°y  ^o    £) 
G    ■  modulu  s   of  elast  ic  it  y  ,   sbeor    C  soy  /Is  EL  ) 
q«.q.b '•  deflection    of  cop  doe   to   R-I^Xa,  Xb   not   acting 
r«.rb  »  deflection    of  cop    due    to    J,=  I,    acting    alone.. 
5,,  Sb  ■  deflection   of  cap    due    to  1^   I,   acting    alone 
o     -  compression    of  cop  and    shortening    of  pile    doe   to   onit    load    on 

pile,  inches.       CP'le  assumed    +©  be    14"  diam.   of    top,   tapered 

to    10"  d.om     ot    30'        AREA.     Spec    ). 

Cap  compression  assumed    distributed     over    length-   B*Zx    where 


Xb     Xa     Xb 

5- Pile.  Bent 

H     5'    ,IR 


j 


F^T^rrg 


X 


;  =  di  stone 


abc 


bottc 


cop. 


Xb  Xa  XaXb 

G-Pile   Bent 


5-Pilc   Belnt 


G  -  Pile  Bent 


Deflection    Equations    for  consistent 

Cr.*|o;  Xa    *    (So-uJXfe-  CHa*u)  R II). 

(rb«  j u)XQ  v  Csb^oj  Xb  "Ccibto)  R K). 


deformations    of  cap  and    piles. 

(raT  Zu)  Xa  +  Csa"o)  Xb  =    Cq.a*o)    R 0). 

Crb-  u)  Xa   *  (sb»  2oJIt  =  C^>o)    R U). 


Deflection    Coefficients    ( Deflection 

Doe  to  R=l  *t  £lL 

V5(R  iV-^-G(30)V30^4(50)J>  *£^&_  ._(3). 

qb=2Tfl[sbl-o,'-liCi0/(fc)-4(-|-c)3viCi'30-c)'t] 

DuE   TO   Xa:   I  r» 


ro'48Tx-bJ  ♦  ^b C5). 


Doe  TO  Xb' 


Xb[  =  I        Xb  I- 


So  =  i  rb 


C7). 

Ce). 


of    cap  ,   due  tc 
Due    TO    R=  I 


Sb 


-ZFZJZ 


^"Mfn[Cs*-Ji-ii(9afXt-e,V4(^-c13*4Ci*so-c,f] 

♦  ft  [  b-G0-arL(^P.Cl)(^-P-Cl)]  ___C3). 
q_b  > Substitute  c^  for  c,  in  equation  above. _(4). 
Doe   to  2tt  -  I  rb    J« »__ 


X, 


TT"r"' 


<%  ■  fiR   C|  -  (J  [3b(i  -cO-SCi-C,)4-^-^2] 

t&ii-cj _ 

Doe  to  Xb  =  I 


.(5;. 


.(G). 


rb 


SbT  aEiCb^cOC^-Ci^-f^aCf-cO 


C7> 

(8). 


Pile   Shortening   and   Compression   of  Cap     due  to  on  it  load  on  pile 

i?J    +     ZE7&     [,09«CBtZ.D)-lo9e    B] 


V  14-  .011  L 


.0). 


Application 

1.  Substitute    design    dimensions    in    equations    (.5)    to   C.3)    inclusive.. 

2.  Substitute    thcec    coefficients    in    equations     (I)    and     (£) . 

5.   5oKe   equations    CO  and    CI)   for  Xa  and    St  ,  giving    loads    on    oil    inner   piles. 
Remainder    of  total    load    is  Taken    by    outer    piles". 

Note    ■  For     3-pile  bent    ose    equation    (0  for    5-pile   bent,    omiiling    Xb  . 
For    4- pile  bent   ose   equation    CO   for   G"pile  bent,    omitting   Xb- 


Fig.  721. 


366 Wood   Bridges   and   Trestles 

(c)  Centrifugal  force. 

(d)  Lateral  force  due  to  wind  load  and  nosing  of  locomotives. 

(e)  Longitudinal  force. 

202.  Dead  Load 

The  dead  load  shall  consist  of  the  estimated  weight  of  the  structural  member,  plus 
that  of  the  tracks,  ballast  and  other  portions  of  the  structure  supported  thereby.  The 
weight  of  materials  shall  be  assumed  to  be  as  follows: 

Track  rails,  inside  guard  rails,  and  fastenings. .  200  pounds  per  linear  foot  of  track 

Ballast,  including  track  ties   120  pounds  per  cubic  foot 

Timber   5  pounds  per  foot  board  measure 

Protective  coverings    Actual  weight 

203.  Live  Load 

The  live  load  per  track  shall  consist  of  that  Cooper  loading  which  will  produce  a 
loading  effect  equivalent  to  that  caused  by  the  heaviest  engine  or  train  load  expected  to 
be  moved  over  the  completed  structure  during  its  expected  life. 

On  bridges  with  ballasted  deck  the  live  load  shall  be  assumed  as  distributed  laterally 
over  a  width  equal  to  the  length  of  track  ties,  plus  twice  the  depth  of  ballast  below  the 
base  of  tie,  unless  deck  planks  are  designed  to  effect  greater  distribution  of  the  load. 

For  members  receiving  load  from  more  than  one  track  all  tracks  contributing  load 
shall  be  assumed  fully  loaded. 

204.  Centrifugal  Force 

On  curves,  the  centrifugal  force  in  percentage  of  the  live  load  is  0.00117  S*D. 
(Because  of  the  limited  duration  of  the  loads,  centrifugal  force  need  riot  be  considered 
in  the  design  of  stringers). 

S  =  Speed  in  miles  per  hour. 
D  ■=  Degree  of  curve. 

It  shall  be  assumed  to  act  6  feet  above  the  rail.  The  table  gives  the  permissible 
speeds  and  the  corresponding  centrifugal  force  percentages  for  curves  with  the  amounts 
of  superelevation  shown.  It  is  based  on  a  maximum  speed  of  100  miles  per  hour  and  a 
maximum  superelevation  of  7  inches,  resulting  in  a  maximum  centrifugal  force  of  17.5 
percent. 

S  C 

77  17.5 

71  17.5 

65  17.5 

61  17.5 

55  17.5 

50  17.5 

43  17.5 

39  17.5 

32  17.5 

27  17.5 


D 
0°-10'  

E 

S 

100 

100 

100 

100 

100 

100 

100 

100 

93 

87 

82 

C 
1.95 

3.90 
5.85 
7.80 
9.75 
11.7 
14.6 
17.5 
17.5 
17.5 
17.5 

D 

2°-30'  

3°-  0'   , 

3°-30'  

4°-  0' 

5°-  0' 

6°-  0' 

8°-  0'  

10°-  0'  

15°-  0' 

20°-  0'  

7 

0°-20'  

0°-30'  

0.33 

7 

7 

0°-40'  

1.44 

.  7 

0°-50'  

2.56 

7 

1°-  0'  

3.67 

7 

1°-15'  

5.33 

7 

l^tf  

1°^5'  

2°-  0'  

2°-15'  

7 

7 

7 

7 

7 

7 

7 

D  —  Degree  of  curve.    ^  C  =  .00117  S*D  —  1.755  (E  -f  3) 

E=  Superelevation  in  inches.  2         S*D  C 5.265 

S  =  Permissible  speed  in  miles  per  hour.         "  =   "r-  ;    1QQQ 3  = —      '  — 

C  =  Centrifugal    force    in    percentage    of 

live  load.  s2—   1'500  (E  -f  3) 

V 
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If  the  conditions  at  the  site  restrict  the  speed  to  less  than  that  shown  in  the  table, 
the  centrifugal  force  percentage  shall  be  taken  for  the  greatest  speed  expected. 

The  effect  of  centrifugal  force  may  be  reduced  by  the  compensating  effect  of  the 
actual  amount  of  superelevation  provided. 

205.  Lateral  Force 

The  lateral  force  due  to  wind  shall  be  assumed  as  30  pounds  per  square  foot  of 
vertical  projection  of  the  structure  plus  any  portion  of  the  leeward  truss  not  shielded 
by  the  floor  system,  plus  300  pounds  per  linear  foot  of  train,  applied  8  feet  above  top  of 
traffic  rails.  (Because  of  the  limited  duration  of  the  load,  lateral  force  need  not  be 
considered  in  the  design  of  stringers). 

In  computing  the  stability  of  towers  and  trestle  bents,  the  live  load  on  one  track 
shall  be  1,200  pounds  per  linear  foot. 

206.  Nosing  of  Locomotive 

The  lateral  force  due  to  the  nosing  of  locomotives  shall  be  considered  as  a  single 
moving  force  of  20,000  pounds  applied  at  the  top  of  the  rail,  in  either  lateral  direction, 
at  any  point  of  the  span.  The  resulting  vertical  forces  shall  be  disregarded.  (Because  of 
the  limited  duration  of  the  loads,  the  force  from  the  nosing  of  locomotives  need  not  be 
considered  in  the  design  of  stringers). 

207.  Longitudinal  Force 

The  effect  of  starting  and  stopping  of  trains  shall  be  considered  as  a  longitudinal 
force,  acting  6  feet  above  top  of  rail,  and  taken  as  the  larger  of: 

(a)  Force  due  to  braking,  equal  to  IS  percent  of  the  live  load. 

(b)  Force  due  to  traction,  equal  to  25  percent  of  weight  on  the  driving  wheels. 

For  bridges  where,  by  reason  of  continuity  or  frictional  resistance  of  rails  and  floor 
system,  much  (or  all)  of  the  longitudinal  force  will  be  carried  directly  to  the  abutments 
or  embankment,  longitudinal  force  need  not  be  considered  in  the  design  of  piles,  posts 
or  bracing  of  bents.  (Such  bracing  is  to  be  designed  to  give  the  necessary  LI d  stability 
to  the  posts). 

208.  Combined  Stresses 

For  stresses  produced  by  longitudinal  force,  wind  or  other  lateral  forces,  or  by  a 
combination  of  these  forces  with  dead  and  live  loads  and  centrifugal  force,  the  allowable 
working  stresses  may  be  increased  SO  percent,  provided  the  resulting  sections  are  not 
less  than  those  required  for  dead  and  live  loads  and  centrifugal  force. 

Ill  UNIT  STRESSES 

301.  Working  Unit  Stresses 

Working  unit  stresses  to  be  used  for  design  shall  be  based  on  Standard  Stress-Grades 
and  Working  Stresses,  AREA  Specifications  for  Structural  Timbers  with  recommended 
modifications  for  "continuously  submerged"  or  "occasionally  wet  but  quickly  dried" 
conditions.  These  working  unit  stresses  are  given  in  Table  70S. 

Where  timber  is  treated  by  creosoting  or  other  process  rendering  it  decay  resistant, 
the  working  stresses  for  "continuously  dry"  may  be  used. 

In  locations  where  serious  depreciation  is  likely  to  occur,  a  reduction  in  working 
unit  stress  for  extreme  fiber  and  compression  should  be  made,  in  the  judgment  of  the 
Engineer. 
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302.  Compression  Parallel  to  Grain 

Stress  values  in  Table  705  are  to  be  used  for  posts  and  struts  where  the  unsupported 
length  is  not  greater  than  10  times  the  least  dimension,  and  for  end  bearing  of  compres- 
sion members. 

For  columns  where  LI  d  is  over  10,  the  allowed  working  stresses  are: 

—  =  cl"l  —  J-Y-iL-Vlfor  Lid  less  than  K. 
A  L  3  V  Kd  )  J 

P      0.274  E 

~r=    /  T\t    for  Lid  greater  than  K. 

\d)_ 

2V6C 
P  =  Total  load  in  pounds. 
A  =  Area  in  square  inches. 

C  =  Working  stress  in  compression  parallel  to  the  grain.  (Table  70S) 
L  =  Unsupported  length  in  inches. 
d  =  Least  dimension  in  inches.  (See  also  Section  309). 
E  =  Modulus  of  elasticity.  (Table  70S) 

p 
Table  706  gives  values  of  allowed  — 

A 

Columns  should  be  limited  to  — =  SO 

d 

303.  Bearing 

The  working  stresses  for  compression  perpendicular  to  grain  apply  to  bearings  6 
inches  or  more  in  length  located  anywhere  in  the  length  of  a  timber  and  to  bearings  of 
any  length  at  the  ends  of  beams  or  other  members.  For  bearings  shorter  than  6  inches 
located  3  inches  or  more  from  the  end  of  a  timber  the  stresses  may  be  increased  in 
accordance  with  the  following  factors: 

Length  of  bearing  (inches)  J^         1      V/t         2         3         4         6  or  more 

Factor 1.85     1.60     1.45     1.30     1.15     1.10    1.00 

For  stress  under  a  washer  the  same  factor  may  be  taken  as  for  a  bearing  whose 
length  equals  the  diameter  of  the  washer. 

304.  Bearing  at  Angle  to  Grain 

Allowed  bearing  stresses  on  surfaces  at  an  angle  to  the  direction  of  the  grain,  may 
be  taken  from  the  following  formula: 

n= ZQ 

P  sin20  +  Q  cos20 

Where  N  =  Unit  compressive  stress  in  a  direction  at  inclination  with  the  direction 
of  the  grain. 
P  =  Unit  stress  in  compression  parallel  to  the  grain — Table  705. 
Q  =  Unit  stress  in  compression  perpendicular  to  the  grain — Table  705. 
0=  Angle  between  the  grain  and  the  normal  to  the  inclined  surface. 

The  chart  shown  in  Fig.  722  gives  a  graphical  solution. 

305.  Horizontal  Shear 

The  following  procedure  shall  be  used  for  horizontal  shear  at  the  neutral  plane: 

S^   3R 


2bh 
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Table  705.— Working  Unit  Stresses  for  Structural  Timber 
(To  be  used  without  allowance  for  impact  due  to  live  load) 


Note  1  Stress-grades  represent  safe  working  unit  stresses  applicable  to  material  used  in  locations  continuously  dry  or  covered. 

Note  2  Stresses  for  joist  and  plank  assume  strength  increased  by  seasoning;  hence  extreme  fiber  stress  is  reduced  where  not  continuously  dry. 

Note  3  For  timber  continuously  submerged,  no  reduction  in  working  stress,  except  that  compression  perpendicular  to  grain  is  reduced  to  70  percent  of 
dry  bearing  value.  .  ,  ,  ,.     .      , 

Note  4  For  joist  and  plank  continuously  submerged,  use  basic  unit  stress  without  increase  due  to  seasoning,  except  compression  perpendicular  to  grain 
reduced  to  70  percent.  m  m  ,  _„     .    ,         __  _ 

Note  5  For  locations  occasionally  wet  l.ul  quicklv  dri'-d.  us.-  following  |jorv<jntagcs  of  str.-ss-graJ^  values:  I*ib--r  stress  M..>  percent,  compression  perpen- 
dicular to  grain  70  percent,  compress'ion  parallel  to  grain  92  percent,  horizontal  shear  100  percent,  modulus  of  elasticity  100  percent.  For  joist  and  plank 
apply  to  valuf-s  without  seasoning. 


Startda 

d    Stress — < 

trades 

Species  oj  Timber 

Fiber  Stress   in  Bending  or   Tension 
Note   A 

Maximum 

Horizontal 

Note  1 
Note  3 
Note  5 

Compression  Perpendicular 

Compression  Parallel 
to  Grain 

Beams 

Stringers 
Note  1 

Posts 

Timbers 
Note  1 

Contin- 

uouslv 
Dry' 

Note  1 

Contin 

erged 

but  Quic 

allv  Wet 
dy  Dried 

Continuously 
Dry 

Note  1 

Continuously 
Submerged 
Notes  3,  4 
Occasionally 

Wet  but 

Ouickh  Dried 

Note  5 

Continuously 

Dry 

Note  1 

Continuously 

Submerged 

Note  3 

Occasionally 
Wet  but 
Quickly 
Dried 
Note  A 
NoteS 

Elasticity 

Joist 

and 

Plank 

Note  1 

Joist 

and 

Plank 

Note  2 

Beams 

and 

Stringers 

Note  3 

Joist 

and 

Plank 

Note  5 

Beams 

and 

Stringers 

Note  5 

Note  1 
Note  3 
Note  5 

1800  f. 

1800  f. 
1600  f. 

1300  c. 
1200  c. 
1100  c. 

Douglas  Fir,  Dense  (Coast  and  Inland) 

1800 
1600 
1200 

1590 
1420 
1135 

1800 
1600 

1390 
1240 
995 

1575 
1400 

120 
100 
100 

380 
345 
325 

266 
242 
228 

1300 
1200 
1100 

1195 
1105 
1010 

1.  600,  000 

"     (Coast) _       ..   . 

1800  f. 
1600  f. 
1400  f. 
1200  f. 

1800  f. 
1600  f. 
1400  f. 
1200  f. 

1300  c. 
1200  c. 
1000  c. 
900  c. 

Southern  Pine,  Dense  Longleaf  and  Shortleaf  .. 

"      Dense  Longleaf 
Shortleaf 

1800 
1600 
1400 
1200 

1590 
1465 
1320 
1190 

1800 
1600 
1400 
1200 

1390 
1275 
1155 
1040 

1575 
1400 
1225 
1050 

120 
120 
100 
100 

380 
380 
380 
380 

266 
266 
266 
266 

1300 
1200 
1000 
900 

1195 
1105 
920 
825 

1,  600,  000 

1600  f. 
1400  £. 
1200  f. 

1600  f. 
1400  1. 
1200  f. 

1200  c. 
1100  c. 
1000  c. 

Redwood,  Close  grained 

1600 
1400 
1200 

1350 
1220 
1085 

1600 
1400 
1200 

1180 
1070 
950 

1400 
1225 
1050 

80 

80 
70 

267 
267 
267 

187 
187 
187 

1200 
1100 
1000 

1105 
1010 
920 

1.  200,  000 

1400  f. 
1100  f. 

1400  f. 
1100  f. 

1200  c. 
1000  c- 

Cypress,  Southern 

1400 
1100 

1220 
1020 

1400 
1100 

1070 
890 

1225 
962 

120 
100 

300 
300 

210 
210 

1200 
1000 

1105 
920 

1,  200,  000 

1200  f. 
1100  f. 
1000  f. 

1100  f. 
1000  f. 

1000  c. 
900  c. 
800  c 

Cedar,  Port  Orford 
Cedar,  Western  Red 

1200 
1100 
1000 

1045 
980 
865 

1100 
1000 

915 
855 
755 

962 

875 

100 
80 
100 

250 
250 
200 

175 
175 
140 

1000 
900 
800 

920 
825 
735 

1.  200,  000 
1,  000.  000 

1100  f. 

1100  f. 

Hemlock,  Eastern 

1100 

980 

1100 

855 

962 

70 

300 

210 

1,  100.  000 

1800  t 
1600  f. 
1600  f. 
1400  f. 
1200  f. 

1600  f. 
1600  f. 
1400  f. 
1200  f. 

1100  c 
1200  c. 
1000  c. 

Oak,  Red  and  White;  Ash,  White 

Oak,  Red  and  White 

Ash,  White 

Oak,  Red  and  White;  Ash,  White 

Oak,  Red  and  White;  Ash,  White 

1800 
1600 
1600 
1400 
1200 

1510 
1380 
1380 
1245 
1110 

1600 
1600 
1400 
1200 

1320 
1210 
1210 
1090 
970 

1400 
1400 
1225 
1050 

120 
120 
120 
120 

100 

500 
500 

500 
500 
500 

350 
350 
350 
350 
350 

1100 
1200 
1000 

1010 
1105 
920 

1,  500,  000 

1800  (. 
1600  f. 
1400  f. 
1200  f. 

1600  f. 
1400  f. 
1200  f. 

1300  c. 
1200  c. 
1000  c. 

Beech;  Birch;  Hard  Maple;  Rock  Elm 

1800 
1600 
1400 
1200 

1535 
1400 
1265 
1135 

1600 
1400 
1200 

1340 
1225 
1105 
995 

1400 
1225 
1050 

120 
120 
120 

100 

500 
500 
500 
500 

350 
350 
350 
350 

1300 

1200 
1000 

1195 
1106 
920 

1,  600.  000 
except 

1.  300,  000 
for  Rock  Elm 

1400  i. 
1200  f. 
1000  f. 

1200  f. 
1000  f. 

900  c 

Elm,  Soft 

1400 
1200 
1000 

1175 
1045 
910 

1200 
1000 

1030 
915 

795 

1050 

875 

100 
100 
100 

250 
250 
250 

175 
175 
175 

900 

825 

1,  200,  000 

1400  f. 
1200  f. 
1000  f. 

1200  f. 
1000  (. 

900  c. 

Gum,  Black  and  Red;  Tupelo 

1400 
1200 
1000 

1175 
1045 
910 

1200 
1000 

1030 
916 

795 

1050 
875 

100 
100 
100 

300 
300 

300 

210 
210 

210 

900 
900 

825 

1,  200,  000 

1200  f. 
1000  f. 

1000  f. 

900  c 

Chestnut 

1200 
1000 

1010 
880 

1000 

885 
770 

875 

100 
100 

300 
300 

210 
210 

825 

1,  000,  000 

Note  A:  In  locations  of  r 


xlreme  exposure,  and  where 


depreciation  may  c 


,  make  further  reduction  in  allowed  fiber  stress  and  compression. 
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in  which  S  =  Maximum  unit  shear  per  square  inch. 
R  =  Reaction  in  pounds. 
b  =  Breadth  of  beam  in  inches. 
h  =  Height  of  beam  in  inches. 

The  results  obtained  must  not  exceed  the  allowable  unit  shear  stress. 

(a)  In  calculating  the  reaction  for  use  in  the  formula: 

(1)  Take  into  account  any  relief  to  the  beam  under  consideration  re- 
sulting from  the  loading  being  distributed  to  adjacent  parallel 
beams  by  flooring  or  other  members  of  the  construction. 

(2)  Neglect  all  loads  within  the  height  of  the  beam  from  both  supports. 

(3)  If  there  are  any  moving  loads,  place  the  largest  one  at  3  times 
the  height  of  the  beam  from  the  support. 

(4)  Treat  all  other  loads  in  the  usual  manner. 

(b)  If  a  timber  does  not  qualify  under  the  above  recommendations,  which 
under  certain  conditions  may  be  over-conservative,  the  reactions  for  the 
concentrated  loads  should  be  determined  by  the  following  equation: 


10P(L 


->(*)" 


9L 


[*+m 


in   which   r  =  Reaction  to  be  used  as  due  to  load  P. 
L  =  Span  in  inches. 

a  =  Distance  in  inches  from  reaction  to  load  P. 
h  =  Height  of  beam  in  inches. 

306.  Shearing  Stress 

The  allowable  shearing  stress  for  joint  details  shall  be  taken  at  SO  percent  greater 
than  the  values  for  horizontal  shear  in  Table  70S. 

307.  Bearing  on  Bolts 

Working  unit  stresses  for  timber  bearing  on  bolts  may  be  taken  as  the  product  of 
the  following  factors: 

(1)  Basic  unit  stress  for  bearing,  Table  707. 

(2)  Factor  based  on  Lid  ratio  of  bolt,  Table  708. 

(3)  For  bearing  perpendicular  to  the  grain  only,  a  factor  as  follows: 

Diameter  of  bolt,  inches  $i     }4     V%     H     %       1    1ZA    lj4    l^i       2    2y2  3 

Diameter  factor   1.95  1.68  1.52  1.41  1.33  1.27  1.19  1.14  1.10  1.07  1.03  1 

Bolts  acting  at  an  angle  with  the  grain  shall  be  allowed  bearing  values  by  the  formula 
in  Section  304,  where  P  and  Q  are  allowed  bearing  values  computed  for  the  Lid  ratio 
of  the  bolt. 

308.  Connectors 

Where  metal  connectors  are  used,  working  values  may  be  taken  as  those  recom- 
mended or  approved  by  the  Forest  Products  Laboratory. 

309.  Round  Sections 

The  strength,  stiffness,  and  horizontal  shearing  value  in  bending  of  round  timbers 
of  any  species  may  be  assumed  to  be  identical  with  that  of  square  timbers  of  the  same 
grade   and    cross-sectional   area.   Tapered    timbers   should   be   assumed   as    of   uniform 
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Table  707. — Basic  Unit  Stresses  for  Bearing  on  Bolts 


Group 


Species  of  Wood 


Basic   Unit  Stress 


Parallel 
xvith  Grain 


Perpendicular 
to  Grain 


Softwoods  (conifers) 

Hemlock,  Eastern 

Cedar,  Port  Orford  and  Western  Red;  Douglas  Fir,  Inland. . 
Cypress,  Southern;  Douglas  Fir,  Coast;  Pine,  Southern;  Red 
wood 

Hardwoods  (broad  leaved) 

Chestnut 

Elm,  soft;  Gum,  Black  and  Red;  Tupelo.. 

Ash,  white;  Beech;  Birch;  Elm,  Rock;  Maple,  hard;  Oak,  red 
white 


800 
1000 


1300 


925 
1200 


1500 


150 
200 


275 


175 
250 


400 


Above  values  are  for  continuously  dry  location. 

For  occasionally  wet  but  quickly  dried  use  %  of  values  in  table. 

For  damp  or  wet  most  of  the  time,  use  %  of  values  in  table. 


Table  708. — Percentage  of  Basic  Stress  for  Various  Lid  Values 


Parallel  u 

;    h  Grain 

Perpendicu  lar  to  Grain 

Length    L 

Con 

tmon   Bo 

Its 

High 

Strength 

Bolts 

Common  Botts 

Con  ifers 

High 

eter 

Conifers 

Group  3 
Hard- 

Hard- 
woods 

Strength 
Bolts 

Ratio 

Group 

Group 

Group 

Group 

Group 

Group 

Group 

Group 

woods 

Group 

All 

I 

2 

3 

1 

2 

3 

1 

2 

Group  2 

3 

Groups 

1  to  2 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

3. _ 

100 

100 

99.0 

100 

100 

100 

100 

100 

100 

100 

100 

4 

99.5 

97.4 

92.5 

100 

100 

99.0 

100 

100 

100 

100 

100 

5 

95.4 

88.3 

80.0 

100 

99.8 

96.0 

100 

100 

100 

100 

100 

6 

85.6 

75.8 

67.2 

100 

95.4 

89.  5 

100 

100 

100 

96.3 

100 

7 

73.4 

65.0 

57.6 

95.8 

88.8 

81.0 

100 

100 

97.3 

86.9 

100 

8 

64.2 

56.9 

50.4 

89.3 

81.2 

73.0 

100 

96.1 

88.1 

75.0 

100 

9 

57.1 

50.6 

44.8 

82.5 

74.2 

66.4 

94.6 

86.3 

76.7 

64.6 

97.7 

10 

51.4 

45.5 

40.3 

75.8 

68.0 

60.2 

85.0 

76.2 

67.2 

55.4 

90.0 

11 

46.7 

41.4 

36.6 

69.7 

61.9 

54.8 

76.1 

67.6 

59.3 

48.4 

81.5 

12 

42.8 

37.9 

33.6 

64.0 

56.  7 

50.2 

68.6 

61.0 

52.0 

42.5 

73.6 

13 

39.5 

35.0 

31.0 

59.1 

52.4 

46.3 

62.2 

55.3 

45.9 

37.5 

66.9 

Above  values  are  for  joints  with  metal  plates.  (Fig.  a)  Where  wood 
splice  plates  are  used,  each  one-half  of  thickness  of  main  timber,  (Fig.  b) 
use  80  percent  of  tabular  value  for  bearing  parallel  with  grain;  no  re- 
duction for  bearing  perpendicular  to  grain. 

Common  bolts:  yield  point  about  45,000  pounds  per  square  inch. 

High  strength  bolts:  yield  point  about  125,000  pounds  per  square 
inch. 

L  =  length  of  bolt  in  main  timber  in  inches. 

d  =  diameter  of  bolt  in  inches. 
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diameter,  the  point  of  measurement  being   %   the  span  from  the  small  end,  but  the 
diameter  should  not  be  assumed  to  be  more  than  ll/2  times  the  small  end  diameter. 

The  strength  of  round  columns  may  be  considered  the  same  as  that  of  square 
columns  of  the  same  cross-sectional  area.  In  long  tapered  columns  the  strength  may  be 
assumed  as  identical  with  that  of  a  square  column  of  the  same  length,  and  of  cross- 
sectional  area  equal  to  that  of  the  round  timber  measured  at  a  point  one-third  its  length 
from  the  small  end.  The  stress  at  the  small  end  must  not  exceed  the  allowable  stress  for 
short  columns. 
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IV  DETAILS  OF  DESIGN 

401.  General 

All  members  shall  be  framed,  anchored,  tied  and  braced  to  develop  the  strength 
and  rigidity  necessary  for  the  purposes  intended. 

402.  Net  Section 

All  stress  computations  shall  be  based  on  actual  size  of  timbers.  Where  members 
are  dapped  or  otherwise  framed  to  materially  reduce  the  effective  size,  the  net  section 
of  the  piece  shall  be  used. 

403.  Bolted  Connections 

The  center-to-center  distance  along  the  grain  between  bolts  acting  parallel  with 
the  grain  shall  be  not  less  than  4  times  the  bolt  diameter. 

The  tension  area  remaining  at  the  critical  section  should  be  at  least  80  percent  of 
the  total  area  in  bearing  under  all  bolts  for  coniferous  woods;  100  percent  for  hardwoods. 

In  a  tension  joint,  the  distance  from  the  end  of  the  timber  to  the  center  of  nearest 
bolt  shall  be  not  less  than  7  times  the  bolt  diameter  for  coniferous  woods;  5  times  for 
hardwoods.  For  compression  stress,  this  end  distance  need  be  only  4  times  the  bolt 
diameter. 

For  loads  acting  perpendicular  to  the  grain,  the  distance  between  the  edge  toward 
which  the  bolt  pressure  is  acting,  and  the  center  of  the  bolt  nearest  this  edge,  should  be 
not  less  than  4  times  the  bolt  diameter. 

404.  Notched  Beams 

The  allowable  end  reaction  for  beams  with  square-cornered  notches  at  the  ends 
shall  be  computed  by  the  following  formula: 

V=   2  b<fq 
3     d 

b  =  Width. 

c  =  Depth  above  the  notch. 

d=  Total  depth  of  beam. 

q  =  Working  unit  stress  in  horizontal  shear. 

V  =  Allowable  end  reaction. 
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APPENDIX  A 

EXAMPLES  OF  THE  DISTRIBUTION  OF  LOADS  TO  PILES 

IN  THE  BENTS  OF  TIMBER  TRESTLES 

(According  to  the  method  presented  in  Fig.  721.) 


3- Pile   Bent 


SPACING  C'b'J   OF  OVTER.   PILES 

5-Pile  Bent   i2"xi4-cap 


5 -Pile  Bent     |4\i4*cap 


lOO'         HO",  ~    120"         ISO"  140" 

Spacing  (b)    of    Outer    Piles 


4-PlLE     BENT 


Spacing   i'b")    OF  Outer.  PIles 

6- Pile  Bent    i2M4"cap 


Spacing   ("b\J  OF  Outer  Piles 

6 -Pile  Bent    I4M4"  Cap 


IOO'  IIO"  120'  130"  140' 

Spacing  Ct>";  of  Outer  Piles 


Fig.  723. 
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Joint  Report  on  Assignments  5  and  6 

Bearing  Power  of  Wood  Piles,  with  Recommendations 
as  to  Methods  of  Determination 

Recommended  Relationships  Between  the  Energy  of  Hammer 

and  the  Weight  or  Mass  of  Pile  for  Proper  Pile 

Driving,  to  Include  Concrete  Piles 

Collaborating  with  Committee  8 — Masonry 

C.  S.  Johnson  (chairman,  subcommittee),  H.  F.  Bober,  L.  B.  Craig,  G.  S.  Crites,  G.  A. 
Haskins,  W.  D.  Keeney,  H.  T.  Livingston,  W.  L.  Peoples. 

These  subjects  are  so  closely  related  that  they  have  been  considered  jointly.  They 
have  recently  been  studied  by  a  committee  of  the  American  Society  of  Civil  Engineers 
and  a  report  of  that  committee's  findings  was  published  in  ASCE  Proceedings  for  May 
1941,  Vol.  67,  No.  5.  The  formulas  used  in  the  following  discussion,  submitted  as  infor- 
mation, are  taken  from  that  report. 

A  Discussion  of  Pile  Driving  Formulas 
Symbols 

R  =  dynamic  resistance. 
P  =  allowable  load. 
F  =  factor  of  safety. 
W  =  weight  of  striking  part  of  hammer. 
M  =  weight  of  pile. 
h  =  height  of  fall  of  striking  part. 
S  =  penetration  of  pile  per  blow. 
2k  ■=  total  rebound  of  pile  cap. 
n  —  coefficient  of  restitution. 
e  =  efficiency  of  hammer. 
E  t=  available  energy  at  instant  of  impact. 

For  drop  hammers  or  single-acting  steam  hammers   E  =  e  Wh. 

The  energy  used  in  moving  the  pile  is  RS. 

The  energy  expended  in  elastic  compression  of  driving  cap,  pile  and  soil  is  Rk. 

.    e  W  h  M  (1-w2) 

The  energy  loss  in  impact  between  pile  and  hammer  is \ - 

W  +  M 

combining  and  equating, 

tj/i        r>c  i    t>u   i    e  W  h  M  (1-n2) 

eWh  =  RS+Rk-\ v 

W  +  M 

solving  for  R  and  re-arranging, 

R=zeWh        W+n*M  Equation  (1) 

S  +  k  *    W  +  M 

This  is  the  fundamental  dynamic  formula  and  involves  no  simplifying  assumptions. 
This  is  the  base  of  all  commonly  used  formulas  which  are  obtained  from  this  equa- 
tion by  either  assigning  definite  values  to  or  dropping  certain  variables  in  the  equation. 
For  instance,  the  Engineering  News  formula  is  obtained  by: 
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dropping  n  and  M 

assuming  e=  1;  kt=  1  for  drop  hammer  and  0.1  for  single-acting  steam  hammer 

using  h  in  feet;  S  and  k  in  inches 

using  a  factor  of  safety  of  6 

Then— 

P=JELf0r  drop  hammer. 

S+  1 

P  = for  single-acting  steam  hammer. 

5+0.1 

Consider  the  result  of  assigning  definite  values  to  or  dropping  these  various  items. 
First— 

e  =  efficiency  of  the  hammer. 

This  is  a  variable  depending  on  many  factors ;  it  may  approach  but  will  never  equal 
unity. 

Reasonable  Average  Value 

Drop  hammer  0.7S 

Single-acting  steam 0.9 

Using  these  values  instead  of  unity  in  the  Engineering  News  formula  and  leaving 
all  other  factors  unchanged,  instead  of  the  assumed  factor  of  safety  of  6,  the  result  is 
a  factor  of  safety  of — 

4.5  for  drop  hammer, 

5.4  for  single-acting  steam  hammer. 

Second — 

n  =  coefficient  of  restitution. 

Reasonably  accurate  experimental  values  for  n  are: 

Steel  hammer  striking  steel  anvil  or  steel  or  concrete  pile  0.S 

Cast  iron  hammer  striking  concrete  pile   without   cap    0.4 

Cast  iron  hammer  striking  steel  plate  on  wood  cap   0.32 

Cast  iron  hammer  striking  good  wood  cap  or  sound  head  of  pile  0.25 
Hammer  striking  deteriorated  wood  cap  or  pile  head  0.0 

In  the  Engineering  News  formulas  the  term — =  Y  is  considered  to  be  unity. 

W  +  M 

The  following  table  shows  the  value  of  this  term: 

W  M  n  Y 

1  %W  0.5  0.85 

1  %  W  0.25  0.81 

1  Y4W  0.0  0.80 

1  W  0.5  0.62 

1  W  0.25  0.53 

1  W  0.0  0.50 

1  SW  0.5  0.37 

1  5W  0.25  0.22 

1  SW  0.0  0.17 

Taking  a  common  case  where  the  weight  of  the  pile  equals  the  weight  of  the 
hammer,  and  the  hammer  is  striking  on  a  good  wood  cap  with  a  factor  of  restitution  of 
0.25,  the  value  of  this  term  is  0.53  and  the  factor  of  safety  of  the  Engineering  News 
formula  is  not  6  but  3.18. 
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By  inspection  of  this  table  it  can  be  seen  that: 

For  very  low  values  of the  entire  term  can  be  dropped. 

W 

For  somewhat  higher  values  of the  n2M  portion  can  be  dropped. 

For  still  higher  values  of — the  entire  term  should  be  used  with  attention  to 
W 
the  proper  value  of  n. 

This  table  also  shows  the  desirability  of  using  the  heaviest  hammer  that  can  be 
used  without  damage  to  the  pile. 

Third— 

2k  =  total  rebound  of  pile  cap. 

The  Engineering  News  formula  assigns  a  value  to  &  of  1  in.  for  drop  hammers  and 
0.1  in.  for  steam  hammers. 

The  above  values  are  probably  as  good  average  values  as  can  be  determined,  but 
there  is  certainly  frequent  variation  from  these  assigned  values. 

eWh 
It  can  be  seen  by  inspection  of  the  term that  the  smaller  the  value  of  5  the 

more  important  the  precise  value  of  k  becomes. 

Assign  common  values  for  e,  k  and  n  and  substitute  in  Equation  (1), 
Use  h  in  feet  and  5  in  inches. 

e  =  0.7S  for  drop  hammer. 

0.9    for  steam  hammer. 
£=1.0  in.  for  drop  hammer. 

0.1  in.  for  steam  hammer. 
n  =  V  0.1  for  both. 

Substituting  in  Equation  (1)  and  reducing  to  foot-pounds, 

Drop  Hammer  Steam  Hammer 

R  __  9Wh  y  W+O.lM  R__  l0.8Wh  yW+O.lM 

~~  5+1         W+M  ~~  5+0.1  W+M 

These  equations  can  be  written  this  way: 


R  _     h     x  9W(W+0.lM)         R  _       1       x  lO.Wh  (W+0.1M) 
5+1  W+M  5'Vr\  W+M 

lp,|\  Equation   (2) 

Under  ordinary  driving  conditions  the  term  A  is  a  constant  for  each  one  of  a 
group  of  piles  and  can  be  determined  once  for  each  group. 

If  a  desired  factor  of  safety  is  introduced  and  entered  in  Equation  (2)  this 
equation  can  be  used  for  ordinary  driving  conditions,  bearing  in  mind  that  specific 
values  have  been  assigned  to  e,  k  and  n  and  any  departure  from  assigned  value  would 
affect  the  accuracy  of  the  equation.  It  should  be  especially  noted  that  the  smaller  the 
value  of  5  the  more  important  it  is  to  use  a  correct  value  of  k. 

So  far  in  this  discussion,  only  drop  and  single-acting  steam  hammers  have  been 
considered. 

E=eWh  for  such  hammers,  and  the  value  of  E  is  usually  furnished  by  manufac- 
turers of  double-acting  steam  hammers.  The  manufacturer  also  supplies  the  weight  of 
the  ram  and  these  two  values  as  furnished  can  be  substituted  in  Equations  (1)  and  (2). 
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Equation    (1)    contains   all   variables   with   no   simplifying  assumptions. 

If  proper  values  for  e,  k  and  n  are  used  in  Equation  (1),  or  the  values  assigned 
to  these  variables  in  Equation  (2)  happen  to  be  correct,  Equations  (1)  or  (2)  would 
give  the  exact  bearing  value  of  the  pile  at  the  time  S  was  determined. 

However,  there  is  nothing  in  the  equations  to  provide  for  the  action  of  the  ground 
after  driving  ceases.  Usually  the  ground  sets  or  grips  the  pile  in  a  comparatively  short 
time  and  if  tested  it  is  found  that  the  pile  will  take  a  greater  load  than  that  determined 
by  the  equation,  but  whether  greater  or  less,  the  equation  can  only  be  considered  to 
apply  precisely  to  the  condition  existing  at  the  exact  moment  that  5  is  determined. 

In  view  of  the  difficulty  of  assigning  proper  values  to  many  of  the  terms,  and  the 
further  fact  that  even  with  suitable  values  for  these  terms  the  equation  makes  no  pro- 
vision for  soil  condition,  it  is  recommended: 

1.  That  the  practice  specified  in  paragraphs  6  and  7,  in  the  Specifications  for  Driving 
Wood  Piles,  now  in  the  Manual,  be  continued. 

2.  That  both  of  the  subjects  covered  in  this  report  be  discontinued. 
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Committee 


To  the  American  Railway  Engineering  Association : 

Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual  below. 

A  revision  of  the  Form  of  Agreement  for  Purchase  of  Electrical  Energy  for  Other 
■Than  Traction  Purposes  is  submitted  for  adoption  to  replace  the  form  now  in  the 
Manual. 

2.  Form  of  agreement  for  advertising  signs  on  railways,  including  signs  in  coaches. 
No  report. 

The  Committee  on  Uniform  General  Contract  Forms, 

J.  S.  Lillie,  Chairman. 


Report  on  Assignment  1 

Revision  of  Manual 

W.  R.  Swatosh  (chairman,  subcommittee),  W.  D.  Faucette,  A.  A.  Miller,  F.  L.  Nicholson, 
W.  G.  Nusz,  L.  A.  Olson,  W.  M.  Post,  Huntington  Smith,  E.  L.  Taylor,  J.  M.  Trissal. 

At  the  request  of  the  Electrical  Section,  Engineering  Division,  AAR,  Committee  20 
has  collaborated  with  Committee  1 — Power  Supply,  of  that  section  in  a  revision  of  the 
Form  of  Agreement  for  Purchase  of  Electrical  Energy  for  Other  Than  Traction  Purposes, 
Manual  page  20-101.  Although  this  matter  comes  under  the  heading  of  Assignment  1, 
Revision  of  Manual,  your  committee  deemed  it  advisable  to  assign  this  task  to  a  special 
subcommittee  with  the  personnel  as  shown  above. 

This  subcommittee  collaborated  with  a  subcommittee  representing  Committee  1  of 
the  Electrical  Section  in  the  development  of  a  revised  form  which  was  presented  as 
information  to  the  Electrical  Section  in  October  1941  and  to  the  AREA  in  March  1942. 
As  the  result  of  comments  received  from  representatives  of  both  sections,  the  collaborat- 
ing committees  agreed  to  a  number  of  revisions  which  have  been  incorporated  in  the 
form  as  it  is  presented  here  with  the  recommendation  that  it  be  adopted  to  replace  the 
form  of  agreement  bearing  the  same  title  which  is  now  in  the  Manual. 
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FORM    OF   AGREEMENT   FOR   PURCHASE    OF   ELECTRICAL 
ENERGY  FOR  OTHER  THAN  TRACTION  PURPOSES 

THIS  AGREEMENT,  made  this day  of 19. . . . ,  by  and 

between ,  a  corporation  organized  and  existing  under  the  laws 

of  the  State  (or  Commonwealth)  of ,  hereinafter  called  the  Railway 

Company,  and ,  a  corporation  organized  and  existing  under  the 

laws  of  the  State  (or  Commonwealth)  of ,  hereinafter  called  the 

Electric  Company. 

WITNESSETH: 

That,  in  consideration  of  the  covenants  and  agreements  hereinafter  contained,  the 
expected  performance  thereof,  the  electrical  energy  to  be  delivered,  the  sums  of  money 
to  be  paid  and  other  considerations,  it  is  mutually  agreed  as  follows: 

1.  Form  of  Energy 

The  electrical  energy  to  be  supplied  under  this  agreement  shall  be  in  the  form  of 

phase  alternating  current  of cycles  and volts,  and  shall  be 

measured  on  the side  of  the Company's  transformers;  or  direct 

current  of volts. 

2.  Point  of  Delivery 

The  electrical  energy  furnished  hereunder  shall  be  delivered  at  a  point  (or  points) 
on  the  Railway  Company's  property  to  be  mutually  agreed  upon  and  hereinafter 
referred  to  as  the  "Delivery  Point." 

3.  Limits  of  Fluctuation 

The  Electric  Company  agrees,  subject  to  the  ordinary  fluctuations  incidental  to  the 
usual  practice  in  generation  and  transmission  of  electrical  energy,  that  it  will  maintain 
uniform  frequency  and  voltage  at  the  delivery  point.  Under  normal  operating  condi- 
tions the  permissible  degree  of  variation  of  frequency  for  alternating  current  of 

cycles  shall  be cycles  above  or  below  normal,  and  for  alternating  or  direct  current 

of volts  the  permissible  degree  of  variation  shall  be volts  above  or  below 

normal. 

4.  Character  of  Load 

The  Railway  Company  shall  have  the  right  to  use  the  electrical  energy  furnished 
hereunder  for  its  power  and  lighting  requirements  and  for  any  other  purposes  mutually 
agreed  upon  incidental  to  the 'operation  of  its  railroad  and  its  allied  interests. 

5.  Capacity 

The  Electric  Company  agrees  to  have  available  at  all  times  a  capacity  of  equipment 
sufficient  to  furnish  continuous  supply  of  electrical  energy  up  to  the  limit  of  the  pre- 
vailing maximum  demand  of  the  Railway  Company. 

6.  Rates 

The  Railway  Company  agrees  to  pay  monthly  to  the  Electric  Company  upon 
rendition  of  bills  for  electric  service  rendered  hereunder,  an  amount  based  on  the  Power 
Company's  rate  schedule (See  note) 
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(If  suitable  rates  are  not  established,  the  following  form  of  Rate  Schedule  is 
suggested:) 

(a)  Demand  Charge:   A  demand  charge  of dollars  per  month  per  kw. 

(or  kv.a.)  of  maximum  demand  as  determined  in  Paragraph  "d"  hereunder.  (The  demand 
charge  may  also  be  set  up  on  a  sliding  scale  schedule  if  found  more  desirable.) 

(b)  Energy  Charge:  In  addition  to  the  demand  charge,  energy  charge  of 

mills  per  kw.h.  (The  energy  charge  may  also  be  set  up  on  a  sliding  scale  if  found  more 
desirable.) 

(c)  Discounts:  Bills  shall  be  payable  by  the  Railway  Company  monthly  for  service 

rendered  hereunder  and  shall  be  subject  to  a  prompt  payment  discount  of 

percent  if  paid  within days  after  the  date  of  bill,  and  any  other  discounts 

which  may  be  provided. 

(d)  Contract  kw.    (or  kv.a.) :    The  contract  kw.    (or  kv.a.)    under   this  schedule 

shall  be  the -minutes  demand  of  the  combined  lighting  and  power  load 

determined  by  suitable  demand  meters.  The  average  of  the  three  highest  demands  so 
established  (no  two  of  which  shall  be  on  the  same  calendar  day)  and  measured  during  a 
month  shall  be  used  as  the  billing  maximum  demand  for  that  month.  The  minimum 
demand  for  which  the  Railway  Company  shall  pay  under  this  schedule  shall  be 
kw.  (or  kv.a.) . 

(e)  Power  Factor:  (If  demand  charge  is  based  on  kv.a.  of  maximum  demand,  no 
power  factor  clause  is  necessary.  If  on  a  kw.  basis,  either  of  the  following  clauses  (1)  or 
(2)  may  be  included.) 

(1)  The  Railway   Company  agrees  to  maintain,  insofar  as  practicable,  during 

the  periods  of  maximum  demand,  a  power  factor  of percent.  Should 

the  power  factor  be  greater  or  less  than  this  value  during  such  periods,  the  maxi- 
mum demand  shall  be  corrected  accordingly. 

(2)  The  Railway  Company  agrees  to  maintain,  insofar  as  practicable,  an  aver- 
age power  factor  of percent  throughout  the  entire  month.  Should 

the  average  power  factor  be  greater  or  less  than  this  value,  the  maximum  demand 
shall  be  corrected  accordingly. 

(f)  Change  in  Energy  Charge  Due  to  Fuel  Cost:  It  is  further  agreed  that  the  prices 
to  be  paid  to  the  Electric  Company  for  steam-generated  electrical  energy  consumed  by 

the  Railway  Company  are  based  upon  cost  of cents  per B.t.u.  of  fuel 

delivered  f.o.b.  alongside  generating  station.  If  at  any  time  during  the  continuance  of  this 
agreement  the  cost  of  fuel  as  aforesaid  is  increased  or  decreased,  the  Railway  Company 
shall  pay  to  the  Electric  Company,  after  such  increase  or  decrease,  an  additional  or  lesser 

amount  for  the  electrical  energy  consumed  hereunder  equal  to mills  per  kw.h. 

for  each cents  of  such  increased  or  decreased  fuel  cost. 

7.  Supplying  Electrical  Energy  to  Any  Consumer 

In  the  event  the  Electric  Company  supplies  electrical  energy  to  any  consumer  under 
conditions  substantially  similar  to  and  at  rates  lower  than  those  herein  provided,  the 
Electric  Company  agrees  to  charge  the  Railway  Company  such  lower  rates  in  lieu  of 
the  rates  provided  for  herein. 

8.  Prevention  of  Use 

In  the  event  the  Railway  Company  is  prevented  at  any  time,  by  reason  of  strike, 
riot,  insurrection,  civil  or  military  authority,  fire,  explosion,  act  of  God,  or  any  other 
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cause  beyond  its  control,  from  making  use  of  the  electrical  energy  to  be  supplied  here- 
under in  whole  or  in  part,  or  the  Electric  Company  is  unable  to  supply  such  electrical 
energy,  then  the  minimum  demand  charge  to  the  Railway  Company  shall  be  reduced  in 
proportion  to  the  inability  of  the  parties  to  perform  their  respective  obligations  hereunder. 
During  the  time  or  times  when  because  of  strikes,  floods,  fires,  destruction  of  prop- 
erty, unavoidable  accident,  or  from  other  cause  beyond  the  control  of  the  obligated 
party,  the  Electric  Company  shall  be  unable  to  make  delivery  of  electric  power  or  energy 
to  the  Railway  Company,  or  the  Railway  Company  shall  be  unable  to  use  power  or 
energy  furnished  by  the  Electric  Company,  as  hereinbefore  agreed,  the  Railway  Company 
may  procure  any  electric  power  or  energy  required  to  maintain  its  electrical  operations 
from  other  parties  than  the  Electric  Company. 

9.  Meters 

All  meters  shall  be  furnished  and  maintained  by  the  Electric  Company  and  shall 
be  tested  by  approved  methods  by  the  Electric  Company  at  its  own  expense  during  the 

months  of and and  the  Electric  Company  shall,  where 

necessary,  adjust  or  replace  defective  meters.    The  Electric  Company  shall  give  to  the 

Railway  Company  at  least days'  notice  when  each  test  is  to  be  made  and 

representatives  of  both  parties  may  be  present  thereat.  If,  upon  test,  a  meter  is  found 
to  be  inaccurate,  it  shall  be  promptly  restored  to  an  accurate  condition  or  a  new  meter 
shall  be  substituted;  should  any  meter  be  found  to  register  in  excess  of per- 
cent, either  above  or  below  normal,  the  correction  in  the  readings  of  such  meter  shall 
be  made  for  one-half  of  the  inaccuracy  found,  provided  the  error  is  less  than  ten  percent, 
and  if  the  error  is  more  than  ten  percent,  the  electrical  energy  consumed  shall  be  esti- 
mated by  agreement  between  the  parties,  but  no  such  correction  shall  be  made  in  excess 
of  thirty  days  prior  to  the  date  of  the  test  and  in  no  case  prior  to  the  date  of  the  last 
prior  test.  (See  Note  2) 

10.  Rules  and  Regulations 

(a)  Terminal  Facilities:  The  Electric  Company  shall  at  its  own  cost  and  expense 
extend  its  service  line  to  the  terminal  or  delivery  points  established  as  hereinbefore  pro- 
vided for  delivery  of  power  hereunder  and  for  this  purpose  the  Railway  Company  shall 
provide  the  right  of  way  on,  over  or  under  its  premises  necessary  for  service  line  in 
reaching  said  delivery  points. 

It  is  agreed  that  no  service  line  or  electrical  apparatus  of  the  Electric  Company 
installed  under  this  agreement  and  located  on,  over  or  under  the  property  of  the  Rail- 
way Company,  shall  be  used  by  or  for  any  person,  firm  or  corporation  other  than  the 
Railway  Company  except  with  the  permission  of  the  Railway  Company  given  in  writing 
and  specifying  the  authorized  additional  use  or  construction  facilities. 

(b)  Company  Installation:  All  apparatus  and  appliances  necessary  to  make  and 
maintain  proper  connections  to  the  circuits  of  the  Railway  Company  at  the  delivery 
points  designated  shall  be  provided,  maintained  and  kept  in  repair  by  the  Electric 
Company.  All  apparatus  and  appliances  thus  provided  by  the  Electric  Company  shall 
remain  the  property  of  the  Electric  Company  and  change  thereof  may  be  effected  at  its 
option,  except  that  the  type  of  demand  meter  shall  not  be  changed  other  than  by  mutual 
agreement.  The  Railway  Company  shall  not  do  any  work  upon  any  apparatus  or  meter 
belonging  to  the  Electric  Company. 

The  Electric  Company  shall  install  and  maintain  its  meters  in  such  manner  that 
authorized  representatives  of  the  Railway  Company  may  read  them  at  such  time  as 
may  be  desirable. 
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11.  Liability 

The  Railway  Company  agrees  to  indemnify  and  save  harmless  the  Electric  Company 
from  all  cost,  expense  or  liability  for  damages,  which  may  arise  or  result  from  the  use, 
care  or  handling  of  the  energy  delivered  hereunder  after  the  same  shall  have  been  deliv- 
ered to  the  Railway  Company  at  the  points  of  delivery  specified  herein,  or  from  the 
presence  upon  the  premises  of  the  Railway  Company  of  any  appliances  of  the  Electric 
Company,  except  that  the  Electric  Company  shall  be  responsible  for  all  claims  of  its 
own  employees,  agents  or  servants. 

The  Electric  Company  agrees  to  indemnify  and  save  harmless  the  Railway  Company 
from  all  cost,  expense  or  liability  for  damages  which  may  arise  or  result  from  the  use, 
care  or  handling  of  the  energy  delivered  hereunder  before  the  same  shall  have  been 
delivered  to  the  Railway  Company  at  the  points  of  delivery  specified  herein,  or  from 
the  presence  upon  the  premises  of  the  Electric  Company  of  any  appliances  of  the  Rail- 
way Company,  except  that  the  Railway  Company  shall  be  responsible  for  all  claims  of 
its  own  employees,  agents  or  servants. 

12.  Interference  With  Apparatus 

The  Railway  Company  shall  use  reasonable  care  to  prevent  anyone  other  than  the 
authorized  employees  of  the  Electric  Company  from  interfering  with  meters  or  other 
appliances  of  the  Electric  Company. 

13.  Arbitration 

In  case  any  question  arises  under  this  agreement  or  concerning  the  subject-matter 
thereof,  upon  which  the  parties  hereto  cannot  agree,  such  question  shall  be  settled  by  a 
sole,  disinterested  arbitrator,  to  be  selected  jointly  by  the  parties  to  this  agreement,  and 

if  they  fail  to  select  such  arbitrator  within days  after  demand  for  arbitration 

is  made  by  either  party  hereto,  then  such  arbitrator  shall  be  appointed  by  the  judge  of 
the court  of 

The  expense  of  arbitration  shall  be  apportioned  between  the  parties  hereto,  or  wholly 
borne  by  either  party,  as  determined  by  the  arbitrator. 

14.  Access  to  Premises 

The  Electric  Company  shall  have  the  right  of  access  to  the  premises  of  the  Railway 
Company  at  all  reasonable  times  during  the  period  of  this  agreement  for  the  purpose  of 
reading  meters  and  inspecting  and  repairing  the  Electric  Company's  equipment,  and, 
on  the  termination  of  this  agreement,  for  the  purpose  of  removing  its  property. 

15.  Termination  of  Agreement  as  Applied  to  Any 

Point  of  Service  by  Loss  of  the  Railway  Company's  Plant 

In  event  of  the  abandonment,  loss  or  destruction  of  the  Railway  Company's  plant 
at  any  point  of  service,  the  Railway  Company  may,  upon  written  notice  to  the  Electric 
Company,  terminate  this  agreement  with  respect  to  such  service  as  such  abandonment, 
loss  or  destruction  renders  useless  to  the  Railway  Company. 

16.  Regulation  by  Public  Utility  Regulatory  Bodies 

The  rate,  rules  and  regulations  under  which  said  electric  service  is  furnished  here- 
under are  subject  to  revision  to  conform  to  such  changes  as  may  be  lawfully  prescribed 

by  the In  the  event  that  the  rate  is  revised  and  that  the 

revised  rate  is  not  acceptable  to  the  Railway  Company,  the  Railway  Company  shall 
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have  the  right  to  terminate  this  agreement  on days'  written  notice  to  the 

Electric  Company. 

The  Electric  Company  shall  notify  the  Railway  Company  in  writing  of  any  con- 
templated change  in  the  rates  hereunder  at  least  thirty  days  prior  to  any  notice  to  the 
regulatory  body  having  jurisdiction. 

17.  Term 

This  agreement  shall  take  effect  as  of  the day  of 19. . . ., 

and  shall  continue  until  the day  of 19 ,  and  thereaftei 

until  terminated  by  written  notice  given  by  either  party  to  the  other  at  least 

days  prior  to  the  date  of  termination. 

18.  Successors 

This  agreement  and  each  provision  herein  contained  is  hereby  made  binding  upon 
the  legal  representatives,  successors  and  assigns  of  each  party  hereto. 

In  Witness  Whereof,  the  parties  hereto  have  executed  this  agreement  in 

,  the  day  and  year  first  above  written. 

Witness Company 

By 

Witness Company 

By 


Note:   (1)  When  selecting  rate  schedule  the  following  points  should  be  given  consid- 
eration: 

(a)  If  the  rate  schedule  provides  for  billed  demand  either  on  a  yearly  or  a 
monthly  basis,  check  to  determine  which  would  probably  be  more  favorable. 

(b)  Check  to  determine  whether  the  rate  schedule  is  such  that  a  high  demand 
established  in  one  month  is  billed  for  succeeding  months. 

(c)  Check  to  determine  whether  the  rate  schedules  have  any  special  provisions, 
such  as  per  diem  demand  charge,  to  enable  the  customer  to  reduce  his  bill 
and  not  be  unduly  penalized  for  a  high  demand  established  accidentally 
during  one  month. 

(d)  Check  the  rate  schedules  to  determine  whether  the  demand  interval  is  five, 
fifteen,  or  thirty  minutes,  or  longer.  Select  as  long  a  demand  interval  as 
possible. 

As  an  alternate  to  continuous  use  of  a  demand  meter  the  demand  may  be 
determined  and  agreed  upon  based  upon  connected  load  or  other  acceptable 
method. 

(e)  Check  to  determine  whether  it  is  economical  and  practicable  to  shut  down 
any  of  the  equipment  during  the  period  when  the  peak  demand  will  occur. 
If  so,  it  may  be  possible  to  apply  an  automatic  demand  limitator  to  one  or 
more  machines. 
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(f)  Check  to  determine  whether  a  penalty  is  imposed  for  a  low  power  factor 
or  a  bonus  offered  for  a  high  power  factor,  and  if  so,  whether  or  not  cor- 
rective equipment  or  synchronous  motor  drive  can  be  economically  applied. 
Where  power  factor  corrective  equipment  is  applied  the  average  power  factor 
may  be  higher  than  that  during  the  period  of  maximum  demand. 

(g)  Check  to  determine  if  Night  Rider  is  applicable,  as  certain  work  might  be 
changed  to  night  or  off-peak  operation  to  reduce  energy  cost  or  billing 
demand. 

(2)  If  there  is  no  regulatory  body  having  jurisdiction  over  the  accuracy  of  the 
meters,  a  maximum  variation  of  one  percent  above  or  below  should  be 
agreed  upon. 
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Committee 


To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 
1.  Revision  of  Manual. 

Progress  report — presented  as  information   , 


2.  Bibliography  on  subjects  pertaining  to  records  and  accounts. 
Progress  report — presented  as  information   


page  387 


page  387 


3.  Office  and  drafting  room  practices: 

(a)  Drafting  equipment  and  tools; 

(b)  Specifications  of  materials  to  be  used  for  drawings  and  drafting; 

(c)  Standard  system  for  filing  drawings. 

Progress  report — presented  as  information   page  389 

4.  Recommended  practice  to  be  followed  with  respect  to  maintenance  of  way  accounts 
and  statistical  requirements,  collaborating  with  interested  committees. 

No  report. 

5.  Construction  reports  and  records: 

Forms    for    recording    complete    descriptive    statement    of    quantities    and    other 
physical  characteristics  of  construction  projects. 
No  report. 

6.  Valuation. 

(a)  Resume  of  developments  of  the  current  year  in  connection  with  regulatory 
bodies  and  the  courts 

Progress  report — presented  as  information   page  393 

(b)  ICC  valuation  orders,  reports  and  records. 
No  report. 

7.  Report  upon  changes  in,  revisions,  and  interpretations  of  ICC  accounting  classifi- 
cations. 

Progress  report — presented  as  information   page  396 
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8.  Methods  for  avoiding  duplication  of  reports  and  for  simplifying  and  coordinating 
work  under  the  requirements  of  the  ICC  and  other  public  authorities. 

No  report. 

9.  Records  of  property  leased  and  available  for  lease. 
No  report. 

10.  Style  to  be  used  in  the  preparation  of  reports,  specifications  and  other  documents. 

No  report. 

The  Committee  on  Records  and  Accounts, 

C.  A.  Knowles,  Chairman. 


Report  on  Assignment  1 

Revision  of  Manual 

D.  E.  Field  (chairman,  subcommittee),  F.  B.  Baldwin,  H.  D.  Barnes,  S.  H.  Barnhart, 
E.  V.  Braden,  V.  H.  Doyle,  C.  A.  Knowles,  H.  L.  Restall,  F.  M.  Spiegel,  D.  C.  Teal, 
Louis  Wolf. 

The  printing  of  the  re-arranged  Chapter  11  of  the  Manual,  as  reported  in  the  1942 
Proceedings,  having  been  held  in  abeyance,  a  further  study  of  the  chapter  material  was 
made  for  the  purpose  of  determining  whether  certain  parts  had  become  obsolete  and 
should  be  eliminated.  The  committee  found  by  its  study  that  although  certain  changes 
in  the  Classification  of  Accounts  prescribed  by  the  Interstate  Commerce  Commission 
might  appear  to  render  some  of  the  material  obsolete,  nevertheless  such  material  con- 
tinues to  serve  a  useful  purpose  as  a  guide.  Accordingly,  the  re-arranged  chapter  mate- 
rial was  turned  over  to  the  secretary  with  the  suggestion  that  it  be  edited  further  and 
printed  in  as  nearly  the  form  recommended  as  practicable. 


Report  on  Assignment  2 

Bibliography  on  Subjects  Pertaining  to  Records  and  Accounts 

E.  V.  Braden  (chairman,  subcommittee),  B.  A.  Bertenshaw,  H.  N.  Halper,  C.  P.  Rich- 
ardson, H.  J.  Stroebel,  D.  C.  Teal,  A.  O.  Wolff. 

This  report  is  presented  as  information. 

The  committee  submits  the  following  bibliography  (of  material  not  appearing  in 
periodicals)  pertaining  to  railroad  records  and  accounts  for  the  period  November  1,  1941, 
to  November  1,  1942. 

Books 

1.  The  Reorganization  of  Railroad  Corporations — A  study  of  the  public  interest. 
By  William  H.  Moore.  Vol.  1,  173  pp.  Published  by  American  Council  on  Public  Affairs. 
2153  Florida  Ave.,  Washington,  D.  C.  $3. 

2.  The  Van  Sweringen  Corporate  System — A  study  in  holding  company  financing. 
By  U.  S.  Senate  Committee  on  Interstate  Commerce  Investigating  Railroads,  Holding 
Companies  and  Affiliated   Companies.    Published  as   77th   Congress,   1st   Session,   Senate 
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Report  No.  714;  Part  1  (1905-1926);  Part  2  (1926-1930);  Part  3  (1930-1932)  and 
Part  4  (1932-1936).  Available  at  superintendent  of  documents  office,  Washington,  D.  C. 
3.  Interstate  Commerce  Commission  Uniform  System  of  Accounts — Governs  invest- 
ment in  road  and  equipment,  operating  revenues  and  operating  expenses,  income,  profit 
and  loss,  general  balance  sheet  accounts,  train-mile,  locomotive-miles  and  car-miles. 
Effective  January  1,  1943.  For  sale  by  accounting  division,  Association  of  American 
Railroads,  Washington,  D.  C.  Loose  leaf  or  bound  in  paper,  to  railroadmen,  30  cents; 
with  binder,  $1.  To  others  60  cents  or  $2. 

Pamphlets 

1.  Monthly  Bulletin,  Railway  Research  Service,  London,  England,  February  1942, 
pp.  21-22,  simplification  of  railway  traffic  and  accounting  documents  for  government 
traffic  in  Canada. 

2.  Railroad  Construction  Indices,  August  1,  1942.  Compiled  by  Engineering  Sec- 
tion, Bureau  of  Valuation,  ICC,  Washington,  D.  C,  mimeographed,  unpaged.  ".  .  .  the 
general  indices  for  the  United  States  are  broken  down  into  eight  regional  sets  shown  on 
the  attached  map  .  .  ." 

3.  Depreciation  of  Group  Properties.  By  Robley  Winfrey,  research  associate  pro- 
fessor of  engineering  valuation.  131  pp.  Includes  tables  and  charts.  Issued  as  Iowa 
Engineering  Experiment  Station  Bulletin  155,  1942.  Available  on  request  to  the  director 
of  the  station,  Ames,  Iowa. 

4.  Condition — Percent  Tables  for  Depreciation  of  Unit  and  Group  Properties.  By 
Robley  Winfrey.  Issued  as  Iowa  Engineering  Experiment  Station  Bulletin  156,  1942. 
Iowa  State  College,  Ames,  Iowa.  Price  $3.  A  companion  and  supplement  to  Bulletin  155, 
Bulletin  156  contains  extensive  tables  of  percent  surviving  and  probable  lives  of  group 
properties  of  different  types  and  at  different  rates  of  interest. 

5.  Modification  of  the  uniform  system  of  accounts  for  steam  railroads  as  contained 
in  the  Classifications  of  investment  in  road  and  equipment,  operating  revenues  and  oper- 
ating expenses,  income  and  profit  and  loss  and  general  balance  sheet  accounts  as  included 
in  13  orders  of  the  ICC,  dated  February  3,  March  4,  March  12,  April  13,  April  21, 
May  8,  May  21,  four  orders  dated  June  8,  and  two  orders  dated  July  30  and  September 
1,  1942,  respectively,  all  effective  January  1,  1943.  (Note:  The  two  ICC  orders  dated 
June  29,  1942,  effective  July  1,  1942,  covering  amendments  of  classifications  account 
creation  of  maintenance  reserves,  are  not  included.)  Prepared  by  accounting  department, 
Erie  R.R.,  Cleveland,  Ohio.  Planographed  and  distributed  by  AAR,  Accounting  Division, 
Washington,  D.  C.  September  15,  1942.  41  pp.  Price,  15  cents. 

Clearly  sets  forth,  in  parallel  columns,  differences  in  regulations  before  and  after 
changes,  effective  January  1,  1943,  prescribed  by  the  commission's  13  orders. 

6.  General  rules  of  practice  before  the  commission  in  proceedings  under  the  ICC 
act  and  related  acts  with  approved  forms  adopted  July  31,  1942,  effective  September 
15,  1942.  By  ICC,  Washington,  D.  C.  Cover,  title  pp.  a-k,  1-50.  Mimeographed.  (To 
be  printed  later.) 

7.  Microphotographing  Railroad  Records.  By  B.  H.  Moore,  valuation  assistant  and 
accountant,  AAR,  4  pp.  Mimeographed.  Available  at  Department  of  Finance,  Account- 
ing, Taxation  and  Valuation,  AAR,  Transportation  Building,  Washington,  D.  C. 

Summarizes  the  availability  of  the  microfilm  method  of  duplicating  railroad  records 
and  progress  made  by  the  railroads  in  its  utilization  for  operating  purposes  and  particu- 
larly for  the  preservation  of  valuable  proprietary  records  against  the  ordinary  hazards 
of  fire,  flood,  etc.  but  more  recently  against  sudden  and  complete  destruction  by  enemy 
invasion.  Points  out  its  economy  in  cost  and  storage  space,  the  latter  being  reduced  as 
much  as  95  percent. 
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Articles 

1.  Depreciation  and  Capital  Replenishment.  National  Association  Cost  Accountants 
Bulletin  23,  473-97,  December  IS,  1941. 

2.  Maintenance  and  Its  Effect  on  Depreciation  Reserves.  By  L.  V.  Smoot,  Edison 
Electric  Institute  Bulletin  9,  447-50,  November  1941. 

3.  Original  Cost,  Invested  Capital,  Depreciation  Base  and  Other  Determinations  of 
Old  Costs.  By  H.  A.  Home.  Journal  Accountant  73,  251-9,  March  1942. 

4.  Standby  Equipment — Valuation  for  Rate  Purposes.  By  F.  M.  Dannenberg.  Public 
Utilities  29,  347-53,  March  12,  1942. 


Report  on  Assignment  3 

Office  and  Drafting  Room  Practices 

F.  M.  Spiegel  (chairman,  subcommittee),  B.  A.  Bertenshaw,  E.  V.  Braden,  D.  E.  Field, 
A.  T.  Hopkins,  C.  D.  Johnson,  W.  M.  Ludolph,  H.  J.  Stroebel,  D.  C.  Teal,  H.  C. 
Wertenberger. 

Your  committee  presents  a  report  on  sub-assignment  (a),  Drafting  equipment  and 
tools,  with  the  recommendation  that  it  be  received  as  information  and  that  the  assign- 
ment be  continued.  It  is  recommended  also  that  sub-assignment  (b) ,  Specifications  of 
materials  to  be  used  for  drawings  and  drafting,  and  (c),  Standard  system  for  filing 
drawings,  be  discontinued. 

The  report  made  at  the  March  1942  annual  meeting  included  certain  information 
relative  to  the  office  use  of  microphotography.  Your  committee  in  this  report  offers  as 
further  information  on  the  subject  of  microphotography,  a  paper  by  B.  H.  Moore, 
valuation  assistant  and  accountant,  Association  of  American  Railroads,  who  has  kindly 
consented  to  its  publication  in  the  AREA  bulletin. 

It  is  appropriate  here  to  note  that  Mr.  Moore  has  acted  as  the  secretary  of  Com- 
mittee 11  for  the  past  five  years.  The  committee  desires  to  record  its  appreciation  and 
commendation  of  his  services  and  diligent  interest  in  the  affairs  of  the  committee. 

Microphotographing  Railroad  Records 
By  B.  H.  Moore 

Valuation  Assistant  and  Accountant,  AAR,  Washington,  D.  C. 

The  war  has  abruptly  changed  the  usual  considerations  given  to  the  selection  of  a 
suitable  place  for  the  storage  and  preservation  of  records  which  accumulate  in  the  ordi- 
nary conduct  of  a  business  enterprise.  Normally,  provisions  would  be  made  to  arrange 
records  in  storage  in  an  orderly  manner;  keep  them  clean,  safeguard  them  against  fire, 
floods,  cyclones  and  tornadoes  and  protect  them  from  pilferage  and  insects.  Now,  par- 
ticularly along  our  seaboard  cities,  proper  protection  must  be  given  against  sudden  and 
complete  destruction  by  bombings  and  shell  fire.  The  use  of  microphotography  offers 
itself  as  one  of  the  best  and  possibly  the  cheapest  form  of  insurance.    • 

What  is  microphotography?  It  is  the  art  or  science  of  making  microscopically  small 
photographs  of  a  picture,  manuscript,  printed  page,  etc.,  usually  made  on  16  mm.  film 
for  documents  one  dimension  of  which  is  14  in.  or  less,  a  35-mm.  size  being  used  for 
larger  work  on  blueprints,  plans  or  bound  documents.  It  has  been  used  successfully 
for  many  years  by  large  industries,  department  stores,  governmental  departments  and 
by  numerous  railroads. 
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Already  a  large  eastern  carrier  has  microfilmed  its  general  ledgers,  its  stockholders 
and  bondholders  lists,  and  certain  maps  and  valuation  records  which  would  be  impos- 
sible to  duplicate.  The  film  has  been  placed  at  a  safe  distance  inland.  This  work  was 
contracted  out  to  a  commercial  firm  and  the  cost  was  insignificant  when  considered  as 
insurance  against  loss. 

Record  storage  assumes  a  place  of  considerable  importance  in  the  railroad  industry, 
not  only  because  of  the  period  of  time  that  records  must  be  kept  for  corporate  needs, 
but  because  of  the  lengthening  of  that  time  by  requirements  of  regulatory  authorities. 
In  addition,  there  is  a  greater  volume  of  paper  work  in  the  transportation  industry 
than  in  other  industries.  Finding  sufficient  space  for  records  is  one  of  the  biggest  prob- 
lems, and  with  the  large  increase  in  traffic  due  to  the  war  the  custodian  of  records  is 
hard  put  to  find  space  to  take  care  of  his  needs.  Then  too,  the  tremendous  production 
of  war  goods  has  placed  storage  space  at  a  premium  and  some  means  must  be  found  to 
alleviate  his  problems.  Here  again,  microphotograph  offers  a  solution,  as  it  reduces  space 
by  as  much  as  95  percent. 

In  addition  to  the  archival  use,  microphotography  has  aided  in  speeding  up 
accounting  work.  Since  freight  trains  have  been  in  use,  it  has  usually  been  necessary  to 
hold  up  the  trains  while  clerks  copied  waybills  at  junction  points  where  waybills  must 
be  copied.  This  is  necessary  so  that  the  railroad  which  receives  the  freight  from  another 
line  will  have  a  record  of  it  on  which  to  base  its  billing  to  the  road  of  origin.  All  these 
waybills,  containing,  as  they  do  the  necessary  information  about  weights,  rates,  shipper, 
consignee,  route,  point  of  origin,  destination,  etc.,  required  considerable  time  for  copying. 

The  Accounting  Camera 

The  accounting  camera  came  to  the  rescue  and  solved  this  problem.  Now  waybills 
are  copied  at  the  rate  of  90  per  min.  on  16  mm.  film.  There  is  no  more  delay  for  fast 
freights  operating  on  split  second  schedules.  And  there  are  no  more  errors,  for  the 
camera  copies  what  is  on  the  original,  no  more,  no  less.  At  midnight,  every  24  hours, 
the  film  is  cut  and  rushed  to  the  laboratories  where  it  is  developed  and  sent  the  next 
morning  to  the  freight  audit  offices. 

When  the  waybills  are  copied  in  the  general  accounting  offices,  the  film  image  is 
projected  on  a  ground  glass  screen  one  and  one-half  times  the  size  of  the  waybill  and  a 
stenographer  sits  in  front  of  this  screen  and  takes  off  the  necessary  information,  chang- 
ing images  by  the  touch  of  a  small  lever.  Operation  of  the  photographing  unit  in  the 
yard  office  is  foolproof.  A  warning  bell  rings  if  waybills  are  fed  incorrectly  or  if  the 
film  is  exhausted. 

Wherever  it  is  necessary  to  copy  records  hurriedly,  or  wherever  production  must  be 
held  up  while  records  are  copied,  there  is  probably  an  application  for  the  accounting 
camera. 

On  another  railroad,  in  an  emergency  due  to  flood  conditions  when  traffic  doubled, 
it  was  decided  to  use  microphotography  and  to  photograph  waybills,  so  that  paper  work 
would  not  delay  yard  operations  and  the  necessary  information  could  be  taken  from 
the  photo  of  the  waybills,  the  waybills  themselves  to  go  forward  in  the  regular  manner. 
This  emergency  installation  gave  such  excellent  results  that  it  has  since  been  maintained 
for  regular  service.  In  its  operations  it  was  necessary  to  copy  information  from  waybills 
for  passing  reports  and  other  reasons  for  account  of  the  different  railroads  interested, 
and,  in  addition,  to  provide  a  permanent  and  accurate  record  for  ready  reference. 

This  installation  consists  of  one  double-camera  machine  and  two  projectors.  These 
are  rented,  and  the  total  cost,  including  the  films  and  their  developing  and  printing, 
approximates  $55  per  month.  The  bills  are  fed  into  the  hopper  of  the  camera  machine 
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which  has  a  capacity  of  90  photographs  a  minute.  This  operation  is  extremely  simple 
and  foolproof,  as  alarm  bells  ring  if  the  bills  are  improperly  fed,  or  if  there  is  no  film 
in  the  camera.  The  film  is  ¥&  in.  wide  and  is  wound  on  spools  each  holding  200  ft.  This 
amount  of  film  will  take  photos  of  3,500  waybills— 800  to  900  waybill  photographs  are 
made  daily.  The  exposed  film  is  sent  to  the  laboratory  each  night  and  returned,  printed 
and  developed,  to  the  yard  office  by  eight  o'clock  the  following  morning.  The  process 
of  using  the  film  has  been  outlined  above. 

The  system  is  adapted  particularly  for  the  keeping  of  waybill  records  in  compact 
form.  Two  sets  of  duplicate  photos  may  be  made  at  the  same  time,  or  the  film  company 
can  make  duplicate  negatives.  The  film  records  of  1,900  waybills  fit  into  a  box  4  in. 
square  and  $%  in.  thick.  Such  records  may  be  stored  in  a  small  space  and  provide 
authentic  data  on  questions  regarding  diversions  or  changes  in  the  waybill. 

There  are  three  ways  of  handling  the  work  of  microfilming  documents.  First,  the 
equipment  may  be  purchased.  Second,  it  may  be  rented.  Third,  the  work  may  be  con- 
tracted out  to  commercial  houses  engaged  in  this  kind  of  work.  The  use  to  be  made  of 
microfilming  would  largely  govern  the  best  procedure  to  be  followed. 

Legality  of  Microfilm  Record 

The  legality  of  microfilm  is  one  objection  that  might  be  raised  against  the  substitu- 
tion of  the  film  for  the  original  document.  There  is  some  judicial  authority  in  which  it 
has  been  decided  that  the  microfilm  is  an  original  record — if  it  has  been  made  in  the 
ordinary  course  of  business. 

One  of  the  most  important  cases  involving  the  legality  of  microfilm  reproduction 
was  United  States  v.  Martin  T.  Manton  and  George  M.  Spector  (102  New  York  Law 
Journal  1959-1960)  decided  by  the  United  States  Circuit  Court  of  Appeals  for  the 
Second  Judicial  Circuit  on  December  4,  1939.  One  of  the  points  of  the  appeal  was  the 
admission  in  evidence  by  the  trial  court  over  defense  objection  of  microfilm  facsimiles 
of  checks.  The  objection  made  to  this  ruling  was  that  such  facsimiles  do  not  constitute 
the  best  evidence.  The  appellate  court  did  not  agree  with  this  contention,  but  stated 
that  the  reproductions  were  made  and  kept  among  the  records  of  banks  in  the  due 
course  of  business  and  are  within  the  words  of  the  United  States  Code,  supp.  5,  title  28, 
sec.  695: 

...  in  any  court  of  the  United  States  and  in  any  court  established  by  Act  of 
Congress,  any  writing  or  record,  whether  in  the  form  of  an  entry  in  a  book  or 
otherwise,  made  as  a  memorandum  or  record  of  any  act,  transaction,  occurrence, 
or  event,  if  it  shall  appear  that  it  was  made  in  the  regular  course  of  any  business, 
and  that  it  was  the  regular  course  of  such  business  to  make  such  memorandum 
or  record  at  the  time  of  such  act,  transaction,  occurrence,  or  event  or  within  a 
reasonable  time  thereafter.  All  other  circumstances  of  the  making  of  such  writing 
or  record,  including  lack  of  personal  knowledge  by  the  entrant  or  maker,  may  be 
shown  to  affect  its  weight,  but  they  shall  not  affect  its  admissibility.  The  term 
"business"  shall  include  business,  profession,  occupation,  and  calling  of  every  kind. 

It  was  decided  that  the  accuracy  of  the  microfilm  copies  could  not  be  questioned. 
As  proof  of  payment  they  constituted  not  secondary  but  primary  evidence. 

Used  by  Federal  Government 

Agencies  of  the  federal  government,  particularly  those  located  in  Washington,  D.  C, 
now  hard  pressed  for  storage  space,  have  been  one  of  the  chief  users  of  microfilms. 
Probably  the  largest  single  assignment  was  the  filming  of  all  the  service  records  of  the 


392 Records   and   Accounts 

personnel  of  the  United  States  Army  in  World  War  I  and  the  destruction  of  the  original 
records.  Authority  has  been  given  many  other  agencies  to  dispose  of  original  records 
and  to  preserve  microfilm  copies  under  an  Act  of  Congress,  approved  September  24, 
1940,  which  provides: 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States 
of  America  in  Congress  assembled,  that  whenever  any  agency  of  the  United  States 
Government  shall  have  photographed  or  microphotographed  all  or  any  part  of  the 
records  kept  by  or  in  the  agency  in  a  manner  and  on  film  that  complies  with  the 
minimum  standards  of  quality  approved  for  permanent  photographic  records  by 
the  National  Bureau  of  Standards,  and  whenever  such  photographs  or  micropho- 
tographs  shall  be  placed  in  conveniently  accessible  files  and  provision  made  for 
preserving,  examining,  and  using  the  same,  the  head  of  such  agency  may,  with 
the  approval  of  the  Archivist  of  the  United  States,  cause  the  original  records 
from  which  the  photographs  or  microphotographs  have  been  made  or  any  part 
thereof  to  be  disposed  of  according  to  methods  prescribed  by  law,  provided  rec- 
ords of  the  same  specific  kind  in  the  particular  agency  have  been  previously 
authorized  for  disposition  by  Congress. 

Sec.  2.  Photographs  or  microphotographs  of  any  record  photographed  or  micro- 
photographed  as  herein  provided  shall  have  the  same  force  and  effect  as  the 
originals  thereof  would  have  had,  and  shall  be  treated  as  originals  for  the  purpose 
of  their  admissibility  in  evidence.  Duly  certified  or  authenticated  copies  of  such 
photographs  or  microphotographs  shall  be  admitted  in  evidence  equally  with  the 
original  photographs  or  microphotographs. 

In  the  railroad  industry  the  Interstate  Commerce  Commission  by  its  order  of  June 
1,  1914,  prescribed  the  time  period  that  operating,  accounting,  financial  papers,  records, 
books,  blanks,  tickets,  stubs  and  other  documents  may  after  a  reasonable  time  be  de- 
stroyed. These  regulations  have  since  been  revised  to  January  1,  1938,  and  the  time 
considerably  shortened  for  certain  bulky  records.  No  blanket  authority  is  given  in  these 
regulations  to  provide  for  the  substitution  of  microfilms  for  the  original  documents,  but 
upon  application  of  an  individual  carrier  the  commission  has  granted  permission  to  rail- 
roads to  substitute  microfilms  and  destroy  certain  original  documents.  The  regulations 
to  govern  the  preservation  of  motor  carrier  records  prescribed  by  the  ICC  contain  this 
statement: 

Sec.  203-302 — Photographic  Copies.  Class  I  motor  carriers  may  be  granted 
authority  to  preserve  photographic  copies  of  records  in  lieu  of  original  records  or 
copies  thereof.  Application  for  authority  shall  be  filed  in  the  form  of  a  letter 
which  shall  describe  the  particular  records  intended  to  be  preserved  by  this  method 
and  the  process  to  be  used. 

It  is  clear  that  under  existing  regulations,  a  carrier  must  secure  permission  from  the 
ICC  for  the  substitution  of  microfilm  copies  for  original  documents.  When  this  permis- 
sion is  granted,  it  would  seem  appropriate,  when  this  substitution  is  to  be  made,  that 
the  board  of  directors  of  the  company  should  pass  a  resolution  authorizing  the  making 
of  microfilm  copies  in  its  regular  course  of  business  on  and  after  the  date  specified  in 
lieu  of  the  preservation  of  the  original  copies.  Thereafter  the  usual  certifications  of 
copies  of  the  films  may  be  made  the  same  as  for  a  duplicate  copy  of  any  original 
document. 
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Report  on  Assignment  6  (a) 

Resume  of  Developments  of  the  Current  Year  in  Connection  with 
Regulatory  Bodies  and  the  Courts 

S.  H.  Barnhart  (chairman,  subcommittee) ,  F.  B.  Baldwin,  H.  D.  Barnes,  B.  A.  Berten- 
shaw,  V.  H.  Doyle,  D.  E.  Field,  C.  C.  Haire,  H.  N.  Halper,  A.  T.  Hopkins,  W.  R. 
Kettenring,  E.  M.  Killough,  C.  A.  Knowles,  P.  R.  Leete,  D.  O.  Lyle,  W.  S.. 
MacCulloch,  H.  L.  Restall,  J.  H.  Roach,  V.  P.  Turnburke,  H.  C.  Wertenberger,  Louis 
Wolf. 

This  report  is  presented  as  information. 

Valuation  inventories  and  records  again  assumed  an  important  place  in  accounting 
and  regulatory  matters  when  the  Interstate  Commerce  Commission,  by  its  orders  dated 
June  8,  1942,  prescribed  mandatory  depreciation  accounting  rules  for  certain  roadway 
property,  exclusive  of  the  track  structure,  to  become  effective  January  1,  1943.  The 
orders  prescribe  that  the  depreciation  base  to  be  used  is  the  original  cost  or  the  esti- 
mated original  cost  of  the  roadway  property,  to  be  furnished  by  the  Bureau  of  Valua- 
tion, with  necessary  adjustments  to  current  dates.  The  depreciation  rates  to  be  used  in 
inaugurating  the  new  system  are  to  be  those  furnished  by  the  Bureau  of  Valuation  until 
such  time  as  the  carrier  was  prepared  to  submit  its  own  rates,  subject  to  the  final 
approval  of  the  commission.  The  carriers'  representatives  have  been  conferring  with  the 
commission's  representatives  in  securing  and  checking  the  necessary  information  as  to 
depreciation  rates  and  original  costs. 

The  ICC  appropriation  for  the  fiscal  year  beginning  July  1,  1942,  includes  $649,927 
for  its  Bureau  of  Valuation,  practically  the  same  amount  as  for  the  previous  year.  On 
October  1,  1942,  the  total  force  of  the  bureau  numbered  180  employees. 

During  the  year  1941,  Class  I  railroads  charged  to  Account  459 — Valuation  Expenses, 
an  amount  of  $615,293,  contrasted  with  $561,033  for  the  year  1940. 

As  reported  last  year,  December  31  of  each  calendar  year  was  fixed  as  the  date  for 
the  filing  of  returns  on  BV  Form  588  for  the  previous  year.  These  returns  on  BV  Form 
588  contain  the  details  of  property  changes  required  by  the  Bureau  of  Valuation  to 
bring  previous  engineering  inventories  forward  to  new  valuation  dates.  The  Land  and 
Accounting  Sections  of  the  bureau  also  utilize  them  to  bring  to  date  their  land  reports 
and  statements  of  original  costs,  respectively.  As  of  October  1,  1942,  all  Class  I  carriers 
(142)  had  filed  588  returns  through  the  year  1936;  98  percent  through  the  year  1937; 
96  percent  through  the  year  1938;  94  percent  through  the  year  1939;  82  percent  through 
the  year  1940;  and  25  percent  through  the  year  1941;  in  the  aggregate  all  carriers  were 
approximately  95  percent*  current. 

The  Engineering  Section  of  the  Bureau  of  Valuation,  having  completed  revised  in- 
ventories for  all  carriers  through  1927,  is  engaged  in  bringing  its  inventories  forward  to 
later  dates,  and  as  of  October  1,  1942  has  completed  75  percent  through  1932;  52  percent 
through  1934;  24  percent  through  1936;  9  percent  through  1938;  or  was  approximately 
61  percent*  current.  The  work  of  the  Accounting  Section  in  bringing  summaries  of 
original  cost  and  that  of  the  Land  Section  in  revising  land  valuations  to  date  has 
advanced  to  about  55  percent*  and  71  percent*  respectively. 


Based  on  6,250,000  mile  years  from  basic  valuation  through  1941. 
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No  tentative  valuations  as  of  current  dates  were  completed  and  served  on  railroad 
companies,  but,  at  the  request  of  the  commission,  the  bureau  brought  to  date  the  under- 
lying valuation  estimates  of  carriers  involved  in  reorganization  proceedings.  In  a  number 
of  cases  carriers  checked  these  estimates  of  original  cost,  the  cost  of  reproduction  new, 
the  cost  of  reproduction  less  depreciation,  and  land  values. 

At  the  hearing  in  connection  with  Ex  Parte  148,  "Increased  Railway  Rates,  Fares 
and  Charges — 1942,"  decided  March  2,  1942,  the  commission  offered  in  evidence  Exhibits 
A-ll  and  A-12  relating  to  valuation.  Exhibit  A-ll  was  a  statement  of  the  elements  of 
value  of  property  used  in  common  carrier  service  January  1,  1940.  Exhibit  A-12  was  a 
statement  of  methods  employed  in  ascertainment  of  the  elements  of  value  in  Exhibit  A-ll. 

In  December  1941,  the  commission's  Bureau  of  Statistics  released  a  mimeographed 
statement,  No.  4142,  entitled  "Rate  of  Return  on  Value  of  Property  of  All  Operating 
Steam  Railway  Companies — Calendar  Year  1940."  This  tabulation  showed  for  each 
operating  steam  railway  the  rate  making  value  January  1,  1940,  the  net  railway  oper- 
ating income,  and  the  rate  of  return.  The  statement  is  made:  "The  property  values 
shown  are  those  recommended  by  the  Bureau  of  Valuation  for  the  purpose  of  these 
calculations  as  the  rate  making  values  as  of  January  1,  1940.  Although  their  use  for  such 
purpose  has  been  approved,  they  have  not  been  considered  nor  adopted  by  the  commis-  • 
sion.  They  have  been  compiled  merely  for  use  in  this  statistical  review  of  earnings  and 
are  not  binding  on  anyone." 

The  continued  publication  by  the  commission  of  recommended  values  in  rate  cases, 
as  well  as  their  underlying  elements  of  value,  without  offering  carriers  opportunity  to 
review  same,  has  caused  some  apprehension  as  to  the  propriety  of  such  a  procedure. 
While  it  is  true  that  in  some  cases  stipulations  or  reservations  have  been  entered  re- 
serving the  further  right  to  question  the  figures,  nevertheless  such  findings  should  be 
regarded  as  preliminary  in  nature  and  not  the  findings  required  by  the  Valuation  Act 
after  due  process.  There  are  many  omissions  and  errors,  as  well  as  objections  as  to  the 
methods  and  principles  employed,  and  for  this  reason  some  care  should  be  exercised 
in  the  use  of  figures  for  individual  roads. 

Court  Decisions 

On  March  16,  1942,  the  Supreme  Court  handed  down  its  decision  in  the  Federal 
Power  Commission  v.  Natural  Gas  Pipe  Line  Company  case.  This  decision  was  widely 
publicized  because  of  the  statements  by  some  of  the  minority  members  of  the  court 
that  "this  case  starts  a  new  chapter  in  the  regulation  of  utility  rates,"  and  that  "we 
think  this  is  an  appropriate  occasion  to  lay  the  ghost  of  Smyth  v.  Ames,  169  U.S.  466, 
which  has  haunted  utility  regulations  since  1898,"  and  that  thereafter  utility  commis- 
sions could  disregard  the  finding  of  reproduction  cost  and  substitute  therefor  the  so-called 
original  cost  or  prudent  investment.  In  spite  of  these  declarations,  close  study  of  the 
language  of  the  opinion  leads  one  to  be  the  belief  that  no  new  principles  were  decided 
and  that  the  court  adhered  to  its  long  line  of  decisions  that  reproduction  cost  was  still 
one  of  the  factors  to  be  taken  into  consideration  in  determining  rate  making  values. 
The  court  held: 

The  Constitution  does  not  bind  rate-making  bodies  to  the  service  of  any  single 
formula  or  combination  of  formulas.  Agencies  to  whom  this  legislative  power 
(rate  regulation)  has  been  delegated  are  free,  within  the  ambit  of  their  statutory 
authority,  to  make  the  pragmatic  adjustments  which  may  be  called  for  by  par- 
ticular circumstances.  Once  a  fair  hearing  has  been  given,  proper  findings  made 
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and  other  statutory  requirements  satisfied,  the  courts  cannot  intervene  in  the 
absence  of  a  clear  showing  that  the  limits  of  due  process  have  been  overstepped. 
If  the  commission's  order,  as  applied  to  the  facts  before  it  and  viewed  in  its 
entirety,  produces  no  arbitrary  result,  our  inquiry  is  at  an  end. 

In  another  case  before  the  Federal  Power  Commission,  involving  natural  gas  rates 
in  Michigan,  decided  September  23,  1942  (Opinion  No.  80,  City  of  Detroit,  Michigan 
et  al  v.  Panhandle  Eastern  Pipe  Line  Co.  et  al),  in  its  opinion  the  Federal  Power  Com- 
mission again  went  on  record  in  favor  of  original  cost  and  upheld  the  action  of  the  trial 
examiner  in  excluding  any  evidence  of  reproduction  cost  of  the  respondents'  property. 

In  support  of  this  position,  the  opinion  states: 

...  It  is  obvious  from  an  examination  of  the  record  that  there  is  no  need  to 
estimate  the  cost  of  the  respondents'  properties.  The  cost  records  are  complete 
and  maintained  in  accordance  with  recognized  accounting  practice.  The  respond- 
ents assert  that  their  books  accurately  reflect  the  original  cost  of  the  properties. 
The  plant  has  been  built  within  recent  years,  construction  having  begun  in  1930. 
There  is,  therefore,  no  difficulty  whatever  in  ascertaining  promptly  and  accurately 
from  respondents'  books  the  actual  legitimate  cost  of  or  the  investment  in  their 
property. 

We  held  in  the  Chicago  District  Electric  Generating  case  that  under  Section 
208(a)  of  the  Federal  Power  Act  (the  provisions  of  which  are  identical  with 
Section  6(a),  supra)  that  reproduction  cost  evidenced  is  inherently  fallacious 
and  should  be  disregarded  under  that  statute. 

It  is  not  deemed  necessary  to  discuss  at  great  length  the  defects  and  vagaries 
of  reproduction  cost  evidenced.  The  manifold  reasons  why  such  evidence  is  falla- 
cious, and  is  obstructive  of  the  regulatory  process,  have  been  fully  expounded 
by  members  of  the  Supreme  Court  and  by  this  Commission. 

In  speaking  of  the  amount  of  taxes  to  be  passed  on  to  rate  payers,  the  decision 
states: 

.  .  .  Thus  it  appears  that  the  doctrine  of  unjust  enrichment  as  well  as  equity 
and  good  conscience  compel  the  conclusion  that  a  utility  should  not  be  permitted 
to  thwart  the  purpose  and  spirit  of  the  war  price  control  legislation  and  the 
revenue  laws  by  passing  such  abnormal  tax  requirements  along  to  its  consumers 
as  an  operating  expense  to  be  collected  in  increased  rates.  Indeed,  we  feel  increased 
rates  on  such  a  basis  would  be  unjustifiable.  To  allow  them  would  in  effect  impose 
upon  the  consumers  a  sales  tax. 

So  that  there  may  be  no  confusion  concerning  the  tax  situation  in  connection 
with  the  companies  subject  to  our  jurisdiction,  where  necessary  to  stabilize  utility 
rates  at  reasonable  levels  during  the  war  emergency  period,  we  propose  to  allow 
as  proper  operating  expenses  only  such  taxes  as  may  be  termed  ordinary  or 
normal.  For  the  purpose  of  distinguishing  between  ordinary  or  normal  and  war 
emergency  or  abnormal  taxes,  we  conclude  that  the  basis  prescribed  in  the  1940 
Revenue  Act  establishes  the  highest  possible  level  of  Federal  taxes  which  may 
be  allowed  as  an  element  of  operating  expense  for  such  purpose.  The  1941  Revenue 
Act  and  the  pending  1942  proposal  certainly  reflect  abnormal  tax  requirements 
for  war  purposes. 
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Report  on  Assignment  7 

Report  Upon  Changes  In,  Revisions  and  Interpretations  of 
ICC  Accounting  Classifications 

H.  D.  Barnes  (chairman,  subcommittee),  F.  B.  Baldwin,  S.  H.  Barnhart,  W.  C.  Bolin, 
C.  C.  Haire,  J.  H.  Hande,  W.  R.  Kettenring,  P.  R.  Leete,  W.  M.  Ludolph,  O.  M. 
Miles,  H.  L.  Restall,  C.  P.  Richardson,  J.  H.  Roach,  V.  P.  Turnburke. 

This  report  is  submitted  as  information  with  the  recommendation  that  the  subject 
be  continued. 

In  accordance  with  the  plan  which  has  been  followed  for  a  number  of  years  your 
committee  has  reviewed  the  proposed  accounting  orders  and  rulings  submitted  to  it  by 
Mr.  E.  H.  Bunnell,  vice-president,  Association  of  American  Railroads,  and  has  furnished 
summaries  of  the  opinions  of  the  members  of  the  committee  for  the  following  subjects: 

ICC  Bureau 
of  Accounts 

Subject  No.  Subject 

291  Revised    Proposed  "A"  case  specifying  the  accounting  for  the  cost  of  additions  and 
betterments  made  by  lessees  to  property  held  under  lease. 

296  Revised    Proposed  revision  to  the  answer  of  Case  A-113. 

303  Proposed  "A"  case  prescribing  the  accounting  for  the  cost  of  replacing 
bridges  supporting  tracks  over  highways,  canals  or  other  passes  when  all 
or  part  of  the  cost  is  borne  by  governmental  authority. 

304  Proposed  "A"  case  specifying  the  account  to  which  the  salaries  of  division 
accountants  and  their  staffs  shall  be  charged  when  located  in  the  offices  of 
division  superintendents,  master  mechanics,  roadmasters,  etc. 

305  Proposed  order  modifying  the  text  of  Section  4  (a)  and  4  (d)  of  the  Gen- 
eral Instructions  in  the  Classification  of  Investment  in  Road  and  Equipment, 
eliminating  Note  B  to  Account  9,  Rails,  and  creating  a  new  general  and 
primary  Account  80,  Construction  Work  in  Progress. 

306  Proposed  "A"  case  prescribing  the  accounting  for  the  cost  of  labor  and 
materials  used  to  stabilize  the  subgrade  of  roadbeds  due  to  water  pockets. 

307  Proposed  order  canceling  Account  4,  Underground  Power  Tubes,  in  the 
Classification  of  Investment  in  Road  and  Equipment,  and  Accounts  204, 
Underground  Power  Tubes,  and  205,  Underground  Power  Tubes — Depre- 
ciation, in  the  Classification  of  Operating  Revenues  and  Expenses,  and  pro- 
viding for  the  charging  of  costs  previously  chargeable  to  Account  4  to 
Account  31,  Power  Transmission  Systems. 

308  Proposed  "A"  case  specifying  the  accounting  for  assembled  spare  parts  for 
Diesel  electric  locomotive. 


Since  this  committee's  last  report  (Proceedings,  Vol.  43,  pages  393  to  397)  the  ICC 
has  issued  the  following  orders  of  interest  to  engineers,  modifying  the  accounting 
classifications: 
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Order  dated  January  19,  1942,  effective  January  1,  1942,  prescribing  the  "group" 
method  as  the  optional  method  of  depreciation  accounting  for  fixed  property. 

Order  dated  February  3,  1942,  effective  January  1,  1943,  modifying  the  list  of  units 
contained  in  General  Account  II,  Equipment,  in  the  Classification  of  Investment  in 
Road  and  Equipment  by  transfer  of  the  unit  "a  freight  container"  from  Account  58, 
Miscellaneous  Equipment,  to  Account  53,  Freight-train  Cars,  and  modifying  the 
Classification  of  Operating  Revenues  and  Expenses  with  respect  to  joint  facility 
accounting  and  the  accounting  for  superintendence. 

Order  dated  March  12,  1942,  effective  January  1,  1943,  modifying  the  Classifications  of 
Investment  in  Road  and  Equipment,  Income,  Profit  and  Loss  and  General  Balance 
Sheet  Accounts  to  provide  for  a  separation  between  Capital  Surplus  and  Earned 
Surplus  and  other  changes. 

Order  dated  April  21,  1942,  effective  January  1,  1943,  modifying  Sections  1  and  4  of 
the  General  Instructions  in  the  Classification  of  Investment  in  Road  and  Equip- 
ment, canceling  Account  4,  Underground  Power  Tubes,  and  amending  the  text  of 
Account  31,  Power  Transmission  Systems,  and  providing  instructions  for  accounting 
for  rebuilt  equipment  under  General  Account  II,  Equipment;  canceling  Account  204, 
Underground  Power  Tubes,  and  modifying  the  text  of  Account  257,  Power  Trans- 
mission Systems,  in  the  Classification  of  Operating  Revenues  and  Expenses,  revision 
of  the  answer  to  Case  109  in  Accounting  Bulletin  15,  and  other  changes. 

Order  dated  May  21,  1942,  effective  January  1,  1943,  amending  Classification  of  Income, 
Profit  and  Loss,  and  General  Balance  Sheet  Accounts  to  prescribe  accounting  for 
improvements  made  to  leased  property,  and  other  changes. 

Orders  (four)  dated  June  8,  1942,  effective  January  1,  1943,  amending  the  Classifications 
of  Investment  in  Road  and  Equipment,  Operating  Revenues  and  Expenses,  Income, 
Profit  and  Loss  and  General  Balance  Sheet  Accounts,  and  interpretations  contained 
in  Accounting  Bulletin  15  to  require  mandatory  depreciation  accounting  on  the 
group  plan  for  certain  roadway  property. 

Orders  (two)  dated  June  29,  1942,  effective  July  1,  1942,  modifying  the  Classifications 
of  Operating  Revenues  and  Expenses  and  Income,  Profit  and  Loss,  and  General 
Balance  Sheet  Accounts  with  respect  to  equalization  of  maintenance  expenses  and 
providing  new  accounts  for  accruals  of  deferred  maintenance  and  major  equipment 
repairs. 

Order  dated  September  1,  1942,  effective  January  1,  1943,  modifying  the  Classification 
of  Income,  Profit  and  Loss,  and  General  Balance  Sheet  Accounts  by  eliminating 
the  requirement  for  the  separation  of  retirement  credits  between  those  for  property 
included  in  the  accounts  on  June  30,  1914  and  subsequent  thereto. 

Depreciation  Section  Series  Circular  No.  10a  was  issued  by  the  ICC  Bureau  of 
Accounts  on  October  15,  1942.  These  instructions  prescribe  the  data  required  and  the 
form  in  which  it  shall  be  submitted  with  respect  to  the  depreciation  bases,  rates,  service 
lives  and  salvage  values  for  road  property  classed  as  depreciable  in  the  orders  dated 
June  8,  1942. 

In  addition  to  these  orders  the  Bureau  of  Accounts  has  released  the  following  new 
and  revised  rulings: 

Issued  January  1,  1942 
Case  A-    8 — Revised.  Canceled. 
Case  A-  10 — Revised  in  terminology  only. 
Case  A-  13 — Revised,  accounting  for  construction   of  industry  tracks. 
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Case  A-  21 — Revised.  Canceled. 

Case  A-  24 — Revised  in  terminology  only. 

Case  A-  61 — Canceled. 

Case  A-103 — Revised.  Canceled. 

Case  A-109 — Revised  in  terminology  only. 

Case  A-113 — Revised  in  terminology  only. 

Case  A-136 — Revised  in  terminology  only. 

Case  A-1S3 — Revised  in  terminology  only. 

Case  A-156 — Revised  in  terminology  only. 

Case  A-164 — Accounting   for   appropriation   for   prospective   additions  and   betterments 

to  be  made  under  reorganization  plans. 
Case  A-16S — Accounting  for  payments  made  for  material  prior  to  its  receipt. 

Issued  May  1,  1942 

Case  A-113 — Canceled.  See  Case  109  Accounting  Bulletin  IS. 

Case  A-1S3 — Revised.  Accounting  for  payroll  taxes.  May  not  be  charged  to  investment 

accounts. 
Case  A-166 — Accounting  for  replacement  of  bridges  supporting  tracks  over  highways, 

canals  or  other  passes  when  all  or  part  of  the  cost  is  borne  by  governmental  authority. 
Case  A-167 — Accounting   for   salaries   and   expenses   of   division  accountants  and   their 

staffs   when  located   in   the  offices  of  division   superintendents,   master   mechanics, 

roadmasters,  etc. 
Case  A-168 — Accounting  for  cost  of  labor  and  materials  used  to  stabilize  the  subgrade 

of  roadbeds  due  to  water  pockets. 

Issued  July  17,  1942 

Case  A-  20 — Canceled  August  1,  1942. 

Case  A-169 — Accounting  for  rentals  paid  for  station  facilities  on  piers  and  for  ferry 
stations  leased  by  carriers. 

Issued  October  1,  1942 
Case  A-170 — Accounting  for  vacation  allowances  to  maintenance  employees. 

The  F.  A.  T.  &  V.  Department  of  the  AAR  published  the  accounting  classifications 
revised  to  January  1,  1942,  and  issued  revised  pages  for  the  loose  leaf  binding  of  Account- 
ing Bulletin  IS  and  the  "A"  case  accounting  interpretations.  Because  of  the  numerous 
revisions  made  during  1942  the  accounting  classifications  will  be  republished  again  as 
of  January  1,  1943,  and  it  is  understood  that  the  accounting  interpretations  will  likewise 
be  republished. 
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J.  E.  Bernhardt,  Chairman, 

F.  E.  Bates 

E.  S.   BlRKENWALD 

R.  N.  Brodie 
A.  W.  Carpenter 
C.  H.  Chaptn 
O.  F.  Dalstrom 
R.  P.  Davis 
C.  P.  Disney 
W.  G.  Grove 
O.  E.  Hager 

G.  A.  Haggander 

F.  S.  Hales 
Shortridge  Hardesty 
J.  B.  Hunley 
Jonathan  Jones 

•Died  October  1,  1942. 


A.  R.  Ketterson 

A.  M.  Knowles 

B.  R.  Leffler 
H.  T.  Livingston 
H.  S.  Loeffler 

C.  T.  G.  Looney 
F.  M.  Masters 
C.  H.  Mercer 
C.  T,  Morkis 

0.  K.  Peck 

F.  J.  Pitcher 
Albert  Reichmann 
0.  E.  Selby 

T.  C.  Shedd 

G.  L.  Stale y 


C.  E.  Sloan,  Vice-Chairman, 
H.  C.  Tammen 
G.  H.  Tinker* 
G.  H.  Trout 

F.   E.   TURNEAURE 

F.  P.  Turner 
R.  A.  Van  Ness 
T.  M.  von  Sprecken 
C.  Earl  Webb 
H.  T.  Welty 
CD.  Williams 
A.  R.  Wilson 
W.  M.  Wilson 
H.  A.  Wistrich 
W.  L.  Young 

Committee 


To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Revisions  of  Specifications  for  Steel  Railway  Bridges  and  other  parts  of  Chapter  15 
of  the  Manual — presented  for  adoption  and  publication  in  the  Manual page  400 

Emergency  provisions  embracing  recommended  unit  stresses  for  the  conservation  of 

steel  during  the  present  war — presented  as  information  page  404 

Specifications  for  Steel  Railway  Turntables — presented  for  adoption  and  publication 
in  the  Manual page  405 

2.  Specifications  for  fusion  welding  and  gas  cutting  for  steel  structures,  collaborating 
with  ASTM  Committee  A-l  on  Steel,  and  the  American  Welding  Society  Conference 
Committee  on  Bridges. 

No  report. 

3.  Design  of  expansion  joints  involving  iron  and  steel  structures. 
No  report. 

4.  Relation  between  fatigue  of  metals  and  bridge  design. 
No  report. 

5.  Progress  in  design  of  bridge  details. 
No  report. 

6.  Rigid  frame  design. 

Specifications  for  the  design  of  rigid  frame  steel  bridges — presented  for  adoption  and 

publication  in  the  Manual  page  413 

The  Committee  on  Iron  and  Steel  Structures, 

J.  E.  Bernhardt,  Chairman. 

AREA   Bulletin   436,   January,   1943. 

399 


400 Iron   and    Steel   Structures 

George  ^.  linker 

George  H.  Tinker  was  born  in  Lawrence,  Mass.  on  January  18,  1868,  and  died  in 
Los  Angeles,  Calif,  on  October  1,  1942. 

Mr.  Tinker  was  educated  at  the  University  of  Nebraska,  and  received  his  degree  in 
Civil  Engineering  in  1897. 

After  graduation,  he  spent  a  few  years  in  Los  Angeles,  Calif.,  in  general  engineering 
and  surveying.  He  later  entered  the  service  of  the  Union  Pacific  Railroad,  where  he 
spent  several  years  on  location  and  construction. 

In  April  1904,  he  entered  the  service  of  the  Nickel  Plate  Railroad  as  a  bridge  de- 
signer and  inspector,  and  was  appointed  bridge  engineer  in  January  1907,  which  position 
he  held  until  his  retirement,  December  1,  1939.  It  was  during  his  career  as  bridge  engineer 
that  a  large  number  of  timber  trestles  on  the  Nickel  Plate  were  replaced  with  steel  and 
concrete  structures. 

Mr.  Tinker  was  actively  interested  in  engineering  and  scientific  societies.  He  was  a 
life  member  of  the  American  Society  of  Civil  Engineers  and  The  Cleveland  Engineering 
Society,  and  had  served  on  committees  of  both  organizations  for  many  years.  Before  his 
retirement,  he  had  also  been  an  active  member  of  the  American  Society  for  Testing 
Materials  and  served  on  several  joint  committees. 

Mr.  Tinker  joined  the  American  Railway  Engineering  Association  in  1907,  and  from 
that  date  until  his  retirement,  he  took  an  active  interest  in  all  of  its  work,  seldom  mis- 
sing an  annual  meeting.  He  was  a  member  of  Committee  15  for  many  years,  retaining 
his  committee  membership  after  his  retirement.  His  advice  and  counsel  were  always 
welcome  and  were  of  great  benefit  to  the  Association.  He  was  a  real  student  in  matters 
pertaining  to  his  profession. 

Mr.  Tinker  at  one  time  was  noted  in  Cleveland  for  his  activities  in  the  Cleveland 
Hiking  Club,  and  in  several  contests  he  was  the  winner. 

His  wife  and  two  daughters  died  several  years  ago;  he  leaves  a  granddaughter  and 
great-grandchildren  in  Los  Angeles. 

He  was  a  member  of  Emmanuel  Episcopal  Church  of  Cleveland. 

Committee  IS  will  miss  his  wise  counsel  and  his  interest  in  the  Association. 

B.   R.   Leffler 
F.  S.  Hales 


Report  on  Assignment  1 

Revision  of  Manual 

O.   E.    Selby    (chairman,    subcommittee),    R.    N.    Brodie,    O.    F.    Dalstrom,    Shortridge 
Hardesty,  O.  K.  Peck,  G.  H.  Trout,  F.  E.  Turneaure,  C.  E.  Webb,  H.  T.  Welty. 

Specifications  For  Steel  Railway  Bridges 

The  committee  recommends  the  following  revisions  of  the  Specifications  for  Steel 
Railway  Bridges. 

204  and  205  p. 15-6 
Revise  to  read: 
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Distribution  of  Live  Load 

204.  Where  the  track  is  carried  on  transverse  beams  without  stringers,  the  beams 
shall  be  proportioned  as  follows: 

(a)   Steel  beams,  single  or  double  track. 

,_W    L-c  + UAL 


/       2.9  4         (c+S)(r+ 20) 
(b)   Timber  ties,  single  track. 


vn 


s  = 


W    L  —  5,       L  —  2.5 


+  L-2*:/(K\k 


f       2.9  A        1.8(r+20)'V' 


(7)' 


s  =  required  section  modulus,  per  inch  of  track,  to  support  the  live  load. 
W=  wheel  load  for  single  track,  or  axle  load  for  double  track,  including  impact 
on  steel  beams.  Impact  on  timber  ties  need  not  be  considered. 
/==  permissible  fiber  stress  in  bending,  pounds  per  square  inch. 
L  =  length  of  floor  beam  or  tie,  center  to  center  of  supports,  in  feet. 
c=  distance  center  to  center  of  rails  for  single  track,  or  center  to  center  of 

tracks  for  double  track,  in  feet. 
A  =  spacing  of  axles  or  wheels,  in  feet. 
r=  weight  of  rail  per  yard,  in  pounds. 
h=z  overall  depth  of  floor  beam  or  tie,  in  inches. 

Note — W  and  A  are  to  be  taken  as  the  weight  and  spacing  of  the  driving 
axles,  as  given  in  Fig.  1502. 

205.  Where  the  track  is  carried  on  longitudinal  beams  or  girders  with  a  ballast 
floor,  the  live  load  shall  be  considered  as  uniformly  distributed  over  those  beams  within 
a  width  of  14  feet  for  single  track,  but  not  to  exceed  the  distance  between  track  centers 
for  multiple  tracks. 

301  (d)  p. 15-10 

Eliminate  the  last  sentence. 

412,413  p.  15-13 
Revise  to  read: 

Pitch  and  Gage  of  Rivets 

412.  The  pitch  of  rivets  is  the  distance,  in  inches,  between  centers  of  adjacent  rivets, 
measured  along  one  or  more  rivet  lines.  The  gage  of  rivets  is  the  distance,  in  inches, 
between  adjacent  rivet  lines  or  the  distance  from  the  back  of  an  angle  or  other  shape  to 
the  first  rivet  line. 

413.  For  sealing,  the  pitch  on  a  single  line  adjacent  to  a  free  edge  of  an  outside 
plate  or  shape  shall  not  exceed 

4  +  At,  nor  7  inches. 

If  there  be  a  second  line  of  rivets  uniformly  staggered  with  those  in  the  line  adjacent 
to  the  free  edge,  at  a  gage,  g,  less  than  1^2  +  At  therefrom,  the  staggered  pitch  of  the 
rivets  in  such  two  lines  shall  not  exceed 

4  +  4*  —  -1  g,  nor  7-lg, 
4  4 

but  need  not  be  less  than  one-half  the  requirement  for  a  single  line. 
t  =  thickness,  in  inches,  of  the  thinner  outside  plate  or  shape. 

413a.  Where  two  or  more  plates  or  shapes  are  in  contact,  there  shall  be  stitch  rivets 
to  make  them  act  in  unison  and,  in  compression  members,  to  prevent  buckling. 
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In  compression  members,  the  pitch  of  stitch  rivets  on  any  single  line  in  the  direction 
of  stress  shall  not  exceed  I2t;  except  that,  if  the  rivets  on  adjacent  lines  be  staggered 
and  the  gage,  g,  between  the  line  under  consideration  and  the  farther  adjacent  line  is  less 
than  2At,  the  staggered  pitch  in  such  two  lines  shall  not  exceed 

12t.  nor  ISt—  —  g 
8 

The  gage  between  adjacent  lines  of  stitch  rivets  shall  not  exceed  2At. 
t  =  thickness,  in  inches,  of  the  thinner  outside  plate  or  shape. 

413b.  At  the  ends  of  compression  members,  the  pitch  on  any  line  in  the  direction 
of  stress  shall  not  exceed  4  times  the  diameter  of  the  rivets  for  a  distance  equal  to  V/z 
times  the  width  of  the  member. 

In  tension  members,  the  pitch  shall  not  exceed  twice  that  specified  for  compression 
members,  and  the  gage  shall  not  exceed  that  specified  for  compression  members. 

415  p. 15-13 

Revise  the  second  paragraph  to  read: 

"The  distance  from  the  free  edge  of  an  outside  plate  or  shape  to  the  first  line  of 
rivets  shall  not  exceed 

iy2  +  At 

t  =  thickness,  in  inches,  of  the  plate  or  shape." 

432  p.  15-16 

Revise  to  read  "Stiffeners  shall  be  placed  at  end  bearings  and  at  points  of  bearing 
of  concentrated  loads  for  plate  girders  and  beams.  They  shall  extend  as  nearly  as  prac- 
ticable to  the  edges  of  the  flange  to  give  effective  distribution  and  shall  be  connected  to 
the  web  by  enough  rivets  to  transmit  the  load.  Such  stiffeners  shall  not  be  crimped.  Only 
that  part  of  the  stiffener  cross  section  that  lies  outside  the  fillet  of  the  flange  shall  be 
considered  effective  in  bearing." 

438  p. 15-18  ' 

Change  the  title  to  "Cross  Frames  and  Diaphragms",  and  add  the  following: 
"Where  the  track  is  carried  on  transverse  beams,  without  stringers,  the  beams  shall 
be  connected  by  diaphragms,  there  being  at  least  one  line  for  each  track. 

"Longitudinal  beams  shall  have  diaphragms  at  the  ends  and  at  intermediate  points. 
To  obtain  lateral  distribution  of  the  load  on  spans  with  ballast  floors,  the  intermediate 
diaphragms  shall  be  spaced  not  more  than  8  feet  apart.  They  shall  be  as  deep  as  the 
depth  of  the  beams  will  permit,  and  be  rigidly  connected,  by  means  of  double  angles, 
to  the  beam  web." 

504  p. 15-20 

Revise  the  first  sentence  to  read:  "Holes  shall  be  cylindrical  (unless  punched  full 
size)  and  perpendicular  to  the  member." 

545  p. 15-24 

Insert  after  "tallow"  in  second  line:  "or  other  protective  compound  approved  by  the 
Engineer." 

703  p. 15-26 

Add  the  following  sentence  to  the  first  paragraph:  "The  weight  of  the  shop  paint 
shall  not  be  included." 
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Rules  for  Rating  Existing  Iron  and  Steel  Bridges 

The  committee  recommends  the  following  revision  of  the  Rules  for  Rating  Existing 
Iron  and  Steel  Bridges. 

p. 15-122 

Insert  a  new  article  to  read: 

106a.  Distribution  of  Live  Load 

Where  the  track  is  carried  on  tranverse  beams,  without  stringers,  the  live  load  car- 
ried by  each  beam  shall  be  assumed  to  be: 

(a)  For  steel  beams,  single  or  double  track. 


\  A  ^  L  —  cV    bJ(L+2c)J 
(b)   For  timber  ties,  single  track. 


P=wb(™.+  ™AA/ I "I 

\  A       L  —  SV    bJ(L+  10)/ 


Pz=  live  load  carried  by  each  beam  or  tie. 
W=  wheel  load  for  single  track,  or  axle  load  for  double  track,  including  impact 

on  steel  beams.  Impact  on  timber  ties  need  not  be  considered. 
b  =  spacing  of  beams  or  ties,  in  inches. 

A  =  minimum  spacing,  in  feet,  of  the  heaviest  two  adjacent  wheels  of  any  group. 
L  =  length  of  floor  beam  or  tie,  center  to  center  of  supports,  in  feet. 
c=  distance  center  to  center  of  rails  for  single  track,  or  center  to  center  of 

tracks  for  double  track,  in  feet. 
/=  total  moment  of  inertia  of  the  beam  or  tie,  less  that  required  for  carrying 

the  dead  load. 
7=  moment  of  inertia  of  the  rail. 

Note — W  and  A  are  to  be  taken  as  the  weight  and  spacing  of  the  driving  axles,  as 
given  in  Fig.  1502. 

Miscellaneous  Revisions 

The  committee  also  recommends  revisions  of  other  parts  of  Chapter  15  as  follows: 

Principles  for  Detailed  Design  of  Flashing,  Drainage,  Reinforcement  and 

Protection  for  Waterproofing  Purposes 
502  p.  15-103 

To  the  list  of  enumerated  materials  add: 
(e)  Pre-molded  asphalt. 

Fusion  Welding 
p. 15-133 

Revise  to  read: 
Specifications   for   Welded   Highway   and   Railway    Bridges;    Design,    Construction,   and 
Repair. 

When  welding  is  permitted,  it  is  recommended  that  the  current  specifications  adopted 
under  the  title  above  by  the  American  Welding  Society  be  used  pending  further  consid- 
eration of  the  subject. 
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In  the  interest  of  maximum  economy  in  the  use  of  structural  steel  your  committee 
developed  a  schedule  of  unit  stresses  for  the  design  of  steel  railway  bridges  which  permits 
higher  stresses  than  those  provided  for  in  the  Specifications  for  Steel  Railway  Bridges, 
page  15-9  of  the  Manual.  On  the  recommendation  of  your  committee,  the  Emergency 
Committee  representing  the  Board  of  Direction  authorized  the  publication  of  these  higher 
unit  stresses  as  an  emergency  provision,  which  is  presented  here  as  information. 

The  War  Production  Board  is  now  engaged  in  the  preparation  of  Emergency  Speci- 
fications for  Steel  Railway  Bridges  which  may,  when  issued,  supersede  the  AREA 
Emergency  Provisions  presented  below. 


Emergency  Provisions  Adopted  September  15,  1942 

COMMITTEE  15 
IRON  AND  STEEL  STRUCTURES 

SPECIFICATIONS  FOR  STEEL  RAILWAY  BRIDGES 

For  Fixed  Spans  Not  Exceeding  400  Feet  in  Length 

1941 

III  UNIT  STRESSES1 

Foreword 

These  recommended  unit  stresses  were  adopted  for  the  sole  purpose  of  conserving 
steel  during  the  present  war  emergency  and  are  to  be  used  for  structures  that  are  to 
remain  in  service  for  this  period  only.  No  change  in  the  current  specification  is  recom- 
mended for  permanent  structures.  They  are  predicated  upon  competent  engineering 
design,  based  on  thorough  stress  analysis  and  best  modern  methods  of  fabrication, 
erection  and  inspection. 

Where  these  emergency  unit  stresses  are  used  in  design  it  is  regarded  as  essential 
that  all  concerned  in  the  design,  erection  and  inspection  be  formally  advised,  and  warned 
of  the  increase  in  design  stresses  and  the  necessity  of  utmost  care. 

In  recommending  these  emergency  unit  stresses  for  steel  railway  bridges,  Com- 
mittee IS  has  not  by  implication  made  any  recommendations  with  respect  to  highway 
bridges  or  steel  buildings. 

Pounds  per 
(a)  Structural  and  Rivet  Steel,  Square  Inch 

Axial  tension,  structural  steel,  net  section  22,000 

Tension  in  extreme  fibers  of  rolled  shapes,  girders,  and  built  sections, 

subject  to  bending  22,000 

Axial  compression,  gross  sections: 

For  stiffeners  of  plate  girders   22,000 

For  compression  members  centrally  loaded  and  with  values  of  l/r 
not  greater  than  140: 

1  Part  III  Unit  Stresses  appears  on  page  15-9,  Manual  of  the  American  Railway  Engineering 
Asseciation. 
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Riveted  ends    17,000  —  0.35  -i 

r 

Pin  ends    17,000  —  0.47  - 

r 

/  =  length  of  member,  in  inches 

r  =  least  radius  of  gyration  of  member,  in  inches 

For  compression  members  with  values  of  l/r  greater  than  140  and  for  compression 
members  of  known  eccentricity,  see  Appendix  A2,  using  the  following  values  for  "/" 

II  r—     0  /=  l.SS 

l/r  —   50  /=  1.58  With    interpolated    or    extrapolated 

//r=100  /=1.63  values  of  /  for  other  values  of  l/r 

//r=140  /=  1.73 

Compression  in  extreme  fibers   of  rolled  shapes,  girders,  and  built  sections,  subject  to 

p 
bending,  gross  section  (for  values  of  lib  not  greater  than  40) 22,000  —  6.10— 

I  =  length,  in  inches,  of  unsupported  flange  between  lateral  connections  or  knee 

braces 
b  =  flange  width,  in  inches 

Pounds  per 
Square  Inch 
Diagonal  tension  in  webs  or  girders  and  rolled  beams  at  sections  where  maxi- 
mum shear  and  bending  occur  simultaneously  22,000 

Stress  in  extreme  fibers  of  pins  33 ,000 

Shear  in  plate  girder  webs,  gross  section  13,000 

Shear  in  power-driven  rivets  and  pins   16,500 

Shear  in  turned  bolts  and  hand-driven  rivets  13,000 

Bearing  on  pins    28,000 

Bearing  on  power-driven    rivets,   milled   stiffeners,   and    other   steel   parts   in 

contact    33,000 

Rivets  driven  by  pneumatically  or  electrically  operated  hammers  are  con- 
sidered power  driven. 

Bearing  between  rockers  and  rocker  pins 14,000 

Bearing  on  turned  bolts  and  hand-driven  rivets   j 25,000 

Bearing  on  expansion  rollers  and  rockers,  pounds  per  lineal  inch: 

For  diameters  up  to  25  inches  p~  13,000  7QQd 

20,000 

For  diameters  from  25  inches  to  125  inches,  p~  13'000  3  500  Vd 

20,000 
d  =  diameter  of  roller  or  rocker,  in  inches 

p=.  yield  point  in  tension  of  the  steel  in  the  roller  or  the  base,  whichever  is 
the  lesser. 

Article  217  is  to  be  modified  by  changing  25  percent  to  10  percent. 

Revision  of  Specifications  for  Steel  Railway  Turntables 

A.  M.  Knowles  (chairman,  subcommittee),  F.  E.  Bates,  C.  H.  Chapin,  F.  S.  Hales, 
H.  S.  Loeffler,  C.  H.  Mercer,  O.  K.  Peck,  O.  E.  Selby,  C.  E.  Sloan,  G.  L.  Staley, 
G.  H.  Trout,  F.  P.  Turner,  T.  M.  von  Sprecken,  C.  E.  Webb,  C.  D.  Williams. 

The  Specifications  for  Steel  Railway  Turntables  which  were  presented  as  information 
at  the  last  annual  meeting  have  been  revised  to  include  several  suggested  changes  and 
are  now  offered  for  adoption  and  publication  in  the  Manual  to  replace  the  specifications 
that  now  appear  on  pages  15-109  to  15-114,  inclusive. 

'See  page  15—48.1,  Manual  of  the  American  Railway  Engineering  Association. 
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SPECIFICATIONS  FOR  STEEL  RAILWAY  TURNTABLES 

Section  CONTENTS  Page 

Information  to  be  Given  Bidders * 

A    Other  Specifications   

I    General  Features  of  Design  

II    Loads 

III  Unit  Stresses  and  Proportioning  of  Parts  

IV  Details  of  Design  

V    Center   

VI    End  Trucks 

VII    Pit  and  Tracks   


INFORMATION   TO   BE    GIVEN   BIDDERS 

Article 

1.  What  is  the  live  load? 

2.  Will  there  be  separate  contracts  for  the  different  parts  of  the  table? 

3.  Normal  time  for  turning  the  table. 

4.  House  for  operator  shall  be  built  by  whom? 

5.  Will  the  Company  furnish  the  deck  and  track  material? 

6.  Type  of  center  pivot ! 501 

7.  Type  of  end  wheel  bearings  603 

8.  Kind  of  power   104 

(a)  Kind  of  fuel  for  internal  combustion  engine   104 

(b)  Electric  power  service  characteristics 104 

9.  At  what  point  will  the  Company  deliver  power? 

10.  What  are  the  conditions  at  the  site? 

Furnish  plan  showing  the  general  dimensions  necessary  for  designing  the  table: 

Length  of  table. 

Type  of  table. 

Type  of  floor. 

General  dimensions  of  pit. 

11.  What  kind  of  shop  paint  will  be  approved? 

12.  Will  the  Company  erect  the  table? 

A    OTHER  SPECIFICATIONS 

1.  The  current"  Specifications  for  Steel  Railway  Bridges  and  the  current  Specifications 
for  Movable  Railway  Bridges,  American  Railway  Engineering  Association,  shall  apply 
except  as  provided  otherwise  herein. 

2.  Special  materials  that  are  not  covered  by  the  specifications  named  above  shall  be 
in  accordance  with  the  current  specifications  of  the  American  Society  for  Testing 
Materials. 

3.  Structural  and  rivet  steel  preferably  shall  be  copper-bearing. 


*  Blank  spaces  are  for  page  numbers  in  Manual. 
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I     GENERAL  FEATURES  OF  DESIGN 

101.  Types  of  Turntables 

These  specifications  cover  the  following  types  of  turntables: 

(a)  Balanced. 

(b)  Three-point-support: 

(1)  Continuous. 

(2)  Non-continuous. 

Tables  preferably  shall  be  of  deck  construction,  but  they  may  be  made  with  through 
girders,  pony  trusses,  or  through  trusses. 

102.  Length 

The  nominal  length  of  the  table  is  the  over-all  length  of  the  girders.  The  length 
preferably  shall  be  a  multiple  of  5  feet. 

The  length  shall  be: 

(a)  For  balanced  tables,  such  that  no  part  of  the  longest  locomotive  to  be 
turned  will  project  beyond  the  face  of  the  pit  wall  when  the  locomotive, 
with  tender  empty,  is  balanced  on  the  table. 

(b)  For  three-point-support  tables,  such  that  no  part  of  the  longest  locomotive 
to  be  turned  will  project  beyond  the  face  of  the  pit  wall. 

163.  Clearances 

The  clearances  shall  be  not  less  than  those  shown  in  Fig.  1522.  The  depth  from  top 
of  rail  to  top  of  tie  shall  be  taken  as  8  inches. 
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Fig.  1522. 

104.  Power  Operation 

Tables  shall  be  power  operated  unless  otherwise  specified.  The  power  equipment 
shall  be  of  the  kind  specified  by  the  Engineer  and  shall  conform  with  the  applicable  re- 
quirements of  the  current  AREA  Specifications  for  Movable  Railway  Bridges. 
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For  the  calculation  of  power  requirements  and  the  forces  required  for  turning,  the 
position  of  the  live  load  on  three-point-support  tables  shall  be  the  one  most  unfavorable. 
The  maximum  speed  at  the  circle  rail  shall  be  200  feet  per  minute. 

II    LOADS 

201.  Loads 

The  table  shall  be  proportioned  for  the  following  loads  and  forces: 

(a)  Dead  load. 

(b)  Live  load. 

(c)  Force  required  to  start,  rotate,  and  stop  the  table  including  overcoming 
inertia. 

The  stresses  from  these  loads  and  forces  shall  be  shown  separately  on  the  stress 
sheet. 

202.  Live  Loads  for  Design 

The  recommended  live  load  is  that  shown  in  Fig.  1523  for  the  length  of  table 
selected  in  accordance  with  Article  102. 

The  Engineer  shall  specify  the  live  load  to  be  used,  such  load  to  be  proportional  to 
the  recommended  load,  with  the  same  axle  spacing,  unless  provision  must  be  made  for  a 
special  loading  that  is  more  severe. 

The  ends  of  the  table,  including  main  girders,  end  floor  beams,  trucks,  and  other 
parts  above  the  foundation  similarly  affected,  shall  be  proportioned  for  an  axle  load  of 
150,000  pounds  (in  addition  to  the  specified  live  load)  in  the  most  effective  position. 

The  center  pivot  shall  be  proportioned  for  the  specified  live  load  plus  25  percent. 
The  center  cross  girder  assembly  with  its  connections  to  the  main  girder  shall  be  pro- 
portioned for  the  specified  live  load  plus   75   percent. 

In  considering  the  loads  to  be  turned  on  the  table,  the  150,000  pound  load  and  the 
25  percent  and  75  percent  additions  to  the  live  load  mentioned  in  the  preceding  two 
paragraphs  shall  not  be  included. 


Ill    UNIT  STRESSES  AND  PROPORTIONING  OF  PARTS 

301.  Unit  Stresses  and  Deflection 

The  unit  stresses  shall  be  as  given  in  the  specifications  named  in  Section  A  except 
for  parts  that  determine  the  deflection  of  balanced  tables.  Such  parts  shall  be  so  pro- 
portioned that  the  live  load  deflection  at  the  ends  will  not  exceed  y2  inch  for  an  80-foot 
table;  and  for  longer  tables,  %  inch  more  for  each  10  feet  of  length  in  excess  of  80  feet. 

Three-point-support  tables  shall  be  designed  for  a  variation  of  one  inch  either  way  in 
the  relative  elevations  of  the  circle  rail  and  the  center  support. 

In  three-point-support  tables  of  the  continuous  type,  vertical  stiffness  is  not  essen- 
tial; rather  a  degree  of  flexibility  is  desirable.  Such  tables  shall  be  proportioned  to  pro- 
vide positive  reactions  at  all  three  supports  and  to  avoid  uplift,  regardless  of  the  position 
of  the  live  load. 

In  three-point-support  tables  of  the  non-continuous  type,  there  shall  be  flexible  con- 
nections at  the  center  support  to  allow  for  the  girder  deflection,  and  for  the  variation 
in  the  circle  rail  elevation  specified  above.  These  connections,  however, ,  shall  be  adequate 
to  transmit  the  lateral  forces  past  the  center  from  one  span  to  the  other  unless  other 
provision  is  made  to  accomplish  this. 
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IV    DETAILS  OF  DESIGN 

401.  Center  Cross  Girders 

The  center  cross  girders  shall  be  as  deep  as  practicable,  and  their  webs  shall  be 
made  to  bear  over  the  center,  to  minimize  their  deflection  and  insure  uniform  bearing 
over  the  full  length  of  their  contact  on  the  center. 

402.  Bracing 

Horizontal  bracing  shall  be  provided  to  allow  for  turning  the  table  by  means  of 
power  applied  at  either  end.  There  shall  be  both  top  and  bottom  lateral  bracing  systems 
where  practicable.  Balanced  tables  shall  be  braced  to  prevent  warp. 

The  thickness  of  bracing  material  shall  be  not  less  than  y?.  inch. 

403.  Footwalks 

There  shall  be  footwalks  along  both  sides  of  the  track.  On  deck  tables  they  shall 
be  protected  by  railings. 

404.  Collector  Ring  Support 

If  the  feed  wires  of  an  electrically  operated  table  are  over  the  pit,  there  shall  be  a 
structural  steel  frame  attached  to  the  main  girders  to  support  the  wires  and  the  collector 
ring  over  the  center. 

405.  Protection  of  Parts 

The  center,  center  cross  girders,  and  machinery  shall  be  protected  (preferably  by 
metal  housing)  against  the  entry  of  water,  cinders,  and  dirt. 

The  thickness  of  any  full-length  top  cover  plate  of  deck  girders,  stringers,  floor 
beams,  and  center  cross  girders  shall  be  increased  %  inch  over  the  computed  thickness. 
The  section  of  other  parts  subject  to  excessive  corrosion  shall  be  increased  over  the 
computed  section. 

406.  Inspection 

Tables  shall  be  so  designed  as  to  facilitate  inspection  and  making  repairs.  Jacking 
brackets  on  the  steel  superstructure,  and  also  foundations  in  the  pit  paving,  shall  be 
provided  for  raising  the  table. off  the  center  and  the  circle  rail. 

V    CENTER 

501.  Type  of  Pivot 

The  center  pivot  shall  be  of  the  flat-disc  type  unless  the  roller  type  is  specified  by 
the  Engineer. 

502.  General  Features 

The  point  of  application  of  the  load  shall  be,  as  nearly  as  practicable,  in  a  vertical 
through  the  center.  The  rotating  portion  of  the  center  pivot  shall  be  equipped  with  a 
saddle  or  pin  to  allow  longitudinal  rocking  of  the  main  girders.  The  center  cross  girders 
shall  be  secured  to  the  center  in  such  a  way  as  to  prevent  the  table  from  being  forced 
off  the  center  by  a  blow  of  the  locomotive  wheels  on  the  ends  of  the  turntable  rails. 
The  whole  center,  including  the  foundation,  shall  be  constructed  to  resist  any  unbalanced 
lateral  force  created  by  end  tractors  turning  the  table. 
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The  entire  center  unit  shall  be  as  nearly  dustproof  and  waterproof  as  practicable. 
It  shall  be  equipped  with  substantial  and  effective  lubricating  devices  and  be  so  designed 
that  it  may  readily  be  removed,  taken  apart,  inspected,  cleaned,  repaired,  lubricated, 
and  replaced.  There  shall  be  means  of  adjustment  for  height. 

503.  Materials 

A  disc  pivot  shall  comprise  either  one  disc  of  phosphor  bronze  or  two  discs,  one  of 
phosphor  bronze  and  one  of  hardened  steel,  encased  in  an  oil-tight  recess  in  a  rolled  or 
cast  steel  pedestal.  For  two-disc  installations,  the  discs  shall  be  so  secured  that  sliding 
will  take  place  only  at  the  surfaces  of  contact  of  the  discs. 

A  roller  pivot  shall  consist  of  a  nest  of  tempered  forged  steel,  conical  rollers 
equipped  with  bronze  thrust  bearings,  and  turning  between  top  and  bottom  treads  of 
heat-treated  rolled  or  cast  steel.  The  rollers  shall  be  held  in  a  frame  of  rolled  or  cast 
steel  inner  and  outer  rings  secured  to  the  rollers  by  high-tension,  heat-treated  bolts. 
The  pivot  shall  be  encased  in  an  oil-tight  recess  in  a  cast  steel  casing. 

Sliding  and  rolling  surfaces  shall  be  finished  accurately  and  polished. 


VI    END  TRUCKS 

601.  General  Features 

The  end  trucks  shall  be  of  substantial  construction.  They  shall  be  braced  to  hold 
the  axles  of  the  wheels  in  lines  radiating  from  the  center  of  rotation.  The  end  trucks 
shall  be  completely  assembled  in  correct  alinement  on  the  main  girders  and  the  correct 
length  of  braces  determined.  The  braces  then  shall  be  permanently  connected. 

There  shall  be  either  two  or  four  wheels  at  each  end  of  the  table.  If  there  are 
only  two,  they  shall  be  placed  outside  the  main  girders  and  mounted  in  a  single  truck 
frame  connected  rigidly  to  the  main  girders.  If  there  are  four  wheels,  they  shall  be 
mounted  in  pairs  in  separate  trucks  so  attached  to  the  main  girders  that  the  loads 
transmitted  to  the  wheels  will  be  equalized. 

Trucks  having  either  traction  equipment  built  in  them  or  separate  tractors  connected 
to  them  shall  be  adequately  connected  to  the  main  girders  to  transmit  the  traction  force. 

There  shall  be  means  of  adjustment  for  height. 

602.  Wheels  and  Axles 

Wheels  shall  be  AAR  Multiple-Wear  wrought  steel  wheels  of  as  large  diameter  as 
practicable  except  that  the  treads  shall  not  be  flanged  and  the  webs  preferably  shall  be 
straight.  The  wheels  shall  be  bored  for  tight  fit  and  mounted  on  steel  axles  by  heavy 
pressure.  In  addition,  wheels  used  as  drivers  shall  be  keyed  to  the  axles. 

Wheel  material  shall  be  ASTM  A  57.  Wheel  treads  shall  be  toughened  to  a  hardness 
of  not  less  than  Brinell  330.  Axle  material  shall  be  ASTM  A  236,  Class  G. 

603.  Bearing  Boxes 

The  bearing  boxes  shall  be  of  cast  or  rolled  steel  with  removable  phosphor  bronze 
bushings  or  bearings  or  other  type  acceptable  to  the  Engineer. 

Bearing  boxes  shall  be  compact,  with  lids  that  can  be  opened  readily,  and  of  such 
construction  as  will  provide  for  effective  lubrication  and  prevent  the  entrance  of  water 
and  dirt. 

Bearing  boxes  of  three-point-bearing  tables  shall  be  equipped  with  roller  bearings 
if  required  by  the  Engineer. 
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VII    PIT  AND  TRACKS 

701.  Circle  Rail 

The  circle  rail  shall  be  of  a  section  not  less  than  the  heaviest  standard  rail  used  by 
the  Company  and  preferably  not  less  than  131  pounds  per  yard. 

There  shall  be  provision  for  adjustment  of  the  elevation  and  the  radius  of  the 
circle  rail,  and  for  drainage  under  it. 

The  joints  in  the  circle  rail  preferably  shall  be  butt  welded.  If  bolted  rail  joints  are 
used,  they  shall  be  such  that  they  will  not  interfere  with  rail  anchorage.  The  top  of  the 
circle  rail  shall  be  in  a  horizontal  plane. 

The  circle  rail  shall  be  supported  on  steel  beams  embedded  in  the  concrete  founda- 
tion or  on  bearing  plates  set  directly  on  the  concrete  foundation.  The  circle  rail  shall  be 
securely  anchored  to  its  supports  to  hold  it  in  proper  line  and  to  prevent  it  from  creeping 
due  to  the  traction  of  the  power  operating  equipment. 

702.  Radial  Tracks 

A  track  layout  with  tangents  extending  from  the  face  of  the  pit  wall  a  distance  at 
least  equal  to  the  locomotive  wheel  base  is  desirable.  Anything  less  will  result  in  side 
kick  at  the  end  of  the  table. 

Radial  track  rails  ending  at  the  circle  wall  shall  be  full-length  and  be  anchored 
securely  against  longitudinal  movement. 

The  top  of  the  rails  of  the  radial  tracks  shall  be  at  the  same  elevation  as  the  top 
of  rails  on  the  ends  of  the  table  with  the  end  truck  wheels  bearing.  The  ends  of  the  rails  in 
the  radial  tracks  shall  be  held  securely  in  line  and  elevation.  Where  wood  supports  are 
used  over  the  circle  wall  under  ends  of  radial  tracks,  adequate  steel  bearing  plates  shall 
be  provided. 

There  shall  be  a  clearance  of  Y*  inch  between  the  ends  of  the  radial  track  rails  and 
the  rails  on  the  table. 

703.  Rails  on  the  Table 

The  rails  on  the  table  shall  be  held  in  line  and  elevation  and  anchored  to  prevent 
longitudinal  movement.  The  Company's  standard  steel  tie  plates  may  be  used  through- 
out except  at  ends  of  the  table  where  there  shall  be  larger  steel  bearing  plates. 

The  rails  at  the  ends  of  the  table  shall  be  full  length. 

704.  Pit 

The  bottom  of  the  turntable  pit  preferably  shall  be  paved.  Ample  clearance'  for  snow 
shall  be  provided  between  the  steelwork  of  the  table  and  the  paving.  Suitable  drainage 
shall  be  provided  for  the  pit  and  where  conditions  warrant  there  shall  be  an  adequate 
drainage  system  back  of  the  circle  wall.  An  inspection  pit  shall  be  provided  in  the 
circle  wall. 

There  shall  be  a  clearance  of  4  inches  between  the  circle' wall  and  the  ends  of  the 
table. 
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Report  on  Assignment  6 

Rigid  Frame  Design 

T.  C.  Shedd  (chairman,  subcommittee),  R.  N.  Brodie,  W.  G.  Grove,  Shortridge  Hardesty, 
Jonathan  Jones,  A.  R.  Ketterson,  B.  R.  Leffler,  C.  T.  G.  Looney,  C.  T.  Morris, 
F.  J.  Pitcher,  F.  E.  Turneaure,  C.  E.  Webb,  H.  T.  Welty,  C.  D.  Williams. 

Last  year  your  committee  presented  tentative  Specifications  for  the  Design  of  Rigid 
Frame  Steel  Bridges  for  comment.  These  specifications  have  since  been  revised  to  incor- 
porate some  of  the  suggested  changes  and  are  now  offered  for  adoption  and  inclusion  in 
the  Manual. 


SPECIFICATIONS  FOR  THE  DESIGN  OF  RIGID  FRAME 
STEEL  BRIDGES 

1.  General  Specifications 

The  current  Specifications  for  Steel  Railway  Bridges  of  the  American  Railway 
Engineering  Association  shall  apply  to  rigid  frame  steel  bridges,  except  as  provided 
otherwise  herein.  References  to   article  numbers  are  to  those  specifications. 

2.  Definition 

The  term  "rigid  frame"  is  used  here  to  mean  a  load-carrying  frame  in  which  the 
horizontal  member  is  structurally  integral  with  the  upright  supports;  either  or  both  may 
vary  in  section.* 

3.  Articulation  at  Footings 

Hinged  bearings  for  the  upright  supports  are  preferred.  Where  hinged  bearings  are 
not  practicable,  or  (if  provided)  where  the  details  of  footings  and  cut-off  walls  may 
render  them  inoperative,  the  analysis  of  the  rigid  frames  shall  be  made  assuming: 

(a)  Fixed  bases. 

(b)  Hinged  bases. 

and  the  design  based  on  the  larger  stresses  so  determined. 

4.  Foundations 

Footings  shall  be  founded  on  rock,  on  substantially  unyielding  material,  or  on 
piles  driven  to  an  unyielding  stratum. 

If  the  footings  are  founded  on  piles,  there  shall  be  a  sufficient  number  of  piles 
battered  to  provide  the  necessary  resistance  to  the  horizontal  thrust. 

If  conditions  make  it  impracticable  to  provide  resistance  to  the  horizontal  thrust 
by  means  of  direct  bearing  or  battered  piles,  steel  tie  rods  may  be  used.  Such  tie  rods 
shall  be  encased  in  concrete  with  a  minimum  cover  on  all  sides  of  six  inches. 

5.  Spacing 

The  distances  between  longitudinal  frames  shall  be  great  enough  to  facilitate  the 
attachment  of  bracing  between  them  and  for  painting,  but  the  distance  between  the 
outside  frames  shall  be  not  less  than  1/15  of  the  span,  and  not  less  than  six  feet  six 
inches. 


*  The  computation  of  shears,  bending  moments,  and  reactions  should  be  made  by  recognized  methods 
of  analysis  based  on  the  line  diagram  formed  by  the  centroidal  axes  of  the  members  and  on  the  gross 
moments  of  inertia  of  the  members. 
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6.  Deflections 

The  proportions  of  the  frames  preferably  shall  be  such  that  the  mid-span  deflection 
of  the  frame  will  not  exceed  the  deflection  of  a  simple  girder  of  the  same  span  and  of 
a  depth  equal  to  rs  of  the  span. 

7.  Distribution  of  Live  Load 

The  lateral  distribution  of  the  live  load  shall  be  in  accordance  with  Article  205. 

8.  Impact 

The  impact  shall  be  in  accordance  with  Article  206.  In  the  impact  formula,  L  is 
the  length,  in  feet,  center  to  center  of  supports. 

9.  Loads  and  Forces 

In  addition  to  the  loads  and  forces  specified  in  Article  201,  stresses  resulting  from 
earth  pressure,  temperature  change,  rib-shortening,  and  elastic  yielding  of  supports  shall 
be  considered  in  the  design. 

(a)  Earth  pressure  shall  be  assumed  to  act  on  both  ends,  on  one  end  only,  or  be 
omitted,  whichever  requires  the  largest  section.  If  granular  back-fill  is  used 
behind  the  cut-off  walls  only  active  pressure  at  both  ends  shall  be  included. 
Earth  pressure  shall  be  determined  in  accordance  with  the  recommendations 
of  Committee  8. 

(b)  The  temperature  change  shall  be  plus  40  degrees  or  minus  60  degrees  from  the 
closing  temperature,  except  as  otherwise  authorized  by  the  Engineer. 

(c)  Stresses  from  rib-shortening  and  elastic  yielding  of  supports  shall  be  included 
wherever  they  would  require  larger  sections. 

10.  Combined  Stresses 

The  frames  shall  be  so  proportioned  that  the  combined  axial  and  bending  stresses, 
when  adjusted  te  take  account  of  conditions  of  lateral  support,  will  not  exceed  the 
permissible  stress  for  the  material  used. 

This  requirement  will  be  met  if  the  quantity 

—A — —  does  not  exceed  1.0. 
F.      F» 
Fa  =  axial  unit  stress  that  would  be  permitted  by  these  specifications  if  axial 

stress  only  existed. 
Fb  =  bending  unit  stress  that  would  be  permitted  by  these  specifications  if  bend- 
ing stress  only  existed. 
/a  =  actual  axial  unit  stress  =  axial  stress  divided  by  sectional  area  of  member. 
ft,  =  actual  bending  unit  stress  ==  bending  moment  divided  by  section  modulus 
of  member. 

11.  Unit  Stresses 

Unit  stresses  resulting  from  the  most  unfavorable  combinations  of  the  loads  and 
forces  of  Article  201,  with  earth  pressure,  temperature  change,  rib-shortening,  and  elastic 
yielding  of  supports  shall  conform  to  the  requirements  of  Article  301. 

When  stresses  produced  by  lateral,  tractive,  or  braking  forces  are  added  to  stresses 
produced  by  other  specified  forces  the  unit  stresses  permitted  by  Article  301  may  be 
increased  25  percent. 
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12.  Bracing 

There  shall  be  bracing  in  the  planes  of  the  compression  flanges  of  both  horizontal 
and  upright  members.  If  the  top  flanges  are  rigidly  connected  to  a  steel  plate  deck,  or 
laterally  restrained  by  a  cast-in-place  reinforced  concrete  deck,  only  such  top  lateral 
bracing  as  is  required  for  erection  purposes  need  be  provided. 

There  shall  be  cross  frames  or  diaphragms  in  the  spaces  between  rigid  frames,  so 
placed  as  to  act  with  the  lateral  bracing  in  providing  positive  lateral  support  for  the 
flanges  subjected  to  compressive  stress.  Such  cross  frames  or  diaphragms  and  their  con- 
nections shall  be  adequate  to  resist  the  stresses  induced  by  the  assumed  distribution  of 
the  live  load. 

13.  Stiffeners  at  Points  of  Bearing 

(a)  If  the  bottom  flange  of  the  horizontal  member  in  a  rigid  frame  is  carried  across 
the  upright  members  and  rested  thereon,  there  shall  be  bearing  stiffeners  directly  above 
the  flanges  of  the  upright  members,  milled  to  fit  tight  against  the  bottom  flange  of  the 
horizontal  member  and  designed  to  transmit  the  stress  in  the  flanges  of  the  upright 
members  to  the  web  of  the  horizontal  member. 

(b)  If  the  inner  flanges  of  the  upright  members  are  made  continuous  up  to  the 
top  flange  of  the  horizontal  member,  the  ends  of  the  bottom  flange  of  the  horizontal 
member  shall  be  milled  to  bear  against  the  inner  flanges  of  the  upright  members.  There 
shall  be  bearing  stiffeners  on  the  webs  of  the  upright  members  opposite  the  milled  ends 
of  the  bottom  flange  of  the  horizontal  member,  designed  to  transmit  the  stress  from  that 
flange  to  the  webs  of  the  upright  members. 

(c)  Rounded  corners  at  the  junction  of  horizontal  and  upright  members  are  not 
considered  stress-carrying  elements. 

14.  Connections 

Splices  in  the  rigid  frame  shall  be  designed  to  develop  the  full  value  of  the  member. 
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To  the  American  Railway  Engineering  Association: 
Your  committee  reports  as  follows: 

1.  Revision  of  Manual. 

Progress  report — presented  as  information  below. 

2.  Waterproofing  of  railway  structures. 

Progress  report  on  comparative  tests— presented  as  information  page  417 

The  Special  Committee  on  Waterproofing  of 
Railway  Structures, 

J.  A.  Lahmer,  Chairman. 


Report  on  Assignment  1 

Revision  of  Manual 

J.  A.  Lahmer  (chairman,  subcommittee),  F.  E.  Bates,  G.  E.  Boyd,  A.  C.  Copland, 
J.  P.  Gallagher,  A.  C.  Irwin,  L.  H.  Laffoley,  F.  J.  Pitcher,  G.  E.  Robinson,  F.  P. 
Turner,  T.  M.  von  Sprecken,  L.  W.  Walter,  H.  T.  Welty,  C.  A.  Whipple,  O.  G. 
Wilbur. 

The  crude  oils  which  are  now  being  used  to  produce  waterproofing  asphalt  have 
characteristics  which  make  it  impossible  to  meet  the  specification  requirements  for 
ductility  of  asphalt  to  be  used  above  ground,  at  both  77  deg.  F.  and  40  deg.  F.  without 
sacrificing  other  important  characteristics. 

The  committee  is  of  the  opinion  that  the  ductility  at  40  deg.  F.,  required  in  AREA 
Specifications  for  Membrane  Waterproofing,  for  asphalt  for  use  above  ground,  is  of 
greater  importance  than  the  ductility  at  77  deg.  F.,  and  that  the  specification  require- 
ment for  ductility  at  77  deg.  F.,  should  be  waived  for  the  duration  of  the  war. 

On  the  recommendation  of  your  committee,  the  Emergency  Committee  representing 
the  Board  of  Direction  has  approved  Emergency  Provisions  amending  the  Specifications 
for  Membrane  Waterproofing,  which  are  presented  as  information  on  the  page  following. 
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Emergency  Provisions  Adopted  December  14,  1942 

SPECIAL  COMMITTEE  ON  WATERPROOFING  OF  RAILWAY 

STRUCTURES 

SPECIFICATIONS  FOR  MEMBRANE  WATERPROOFING 

1942 

The  requirements  of  this  emergency  specification  are  covered  in  the  specifications 
shown  on  AREA  Manual  pages  Wpfg-1  to  Wpfg-12,  inclusive,  with  the  following 
change: 

202.  Asphalt  for  Saturant  and  Mopping  Above  Ground 

Eliminate  paragraph  (f)  reading:  Ductility:  at  77°  F.  (25°  C.)  elongated  at  rate  of 
5  cm.  per  minute not  less  than  20  cm. 

It  is  the  conclusion  that  the  specified  ductility  at  40°  F.  is  of  greater  importance 
than  at  77°  F.  and  that  the  specification  requirement  for  ductility  at  77°  F.  should  be 
waived  for  the  duration  of  the  war. 


Report  on  Assignment  2 

Waterproofing  of  Railway  Structures 

J.  A.  Lahmer  (chairman,  subcommittee),  F.  E.  Bates,  G.  E.  Boyd,  A.  C.  Copland. 
J.  P.  Gallagher,  A.  C.  Irwin,  L.  H.  Laffoley,  F.  J.  Pitcher,  G.  E.  Robinson,  F.  P. 
Turner,  T.  M.  von  Sprecken,  L.  W.  Watler,  H.  T.  Welty,  C.  A.  Whipple,  O.  G. 
Wilbur. 

Requirements  in  AREA  specifications  for  waterproofing  asphalt  are  easily  met  by 
asphalt  made  from  Mexican  crude  oil  but  it  is  difficult  to  manufacture  asphalts  from 
domestic  crudes  to  comply  with  the  specifications. 

An  objection  which  has  been  made  to  coal  tar  pitch  for  waterproofing  is  that  this 
material  is  too  brittle  at  low  temperatures  due  to  loss  of  volatile  oils  when  pitch  is 
heated  to  a  high  temperature.  The  claim  has  been  made  that  a  coal  tar  pitch  was  being 
produced  which  was  more  stable  and  ductile  than  the  usual  run  of  waterproofing  pitches 
and  that  this  was  accomplished  by  restoring  certain  of  the  more  stable  ingredients  which 
are  driven  off  in  the  refining  process. 

It  was  deemed  advisable  to  conduct  tests  to  ascertain  (a)  characteristics  of  asphalts 
and  coal  tar  pitches  which  could  be  obtained  for  waterproofing  under  AREA  specifica- 
tions; and  (b)  relative  merits  of  asphalts  and  coal  tar  pitches  for  waterproofing  of 
railway  structures. 

As  stated  in  last  year's  report,  these  tests  were  begun  in  1941.  They  were  completed 
late  in  1942  and  a  very  interesting  and  comprehensive  report  has  been  prepared  by  the 
subcommittee  in  charge  of  the  tests.  However,  it  is  deemed  advisable  to  defer  publica- 
tion of  the  report  until  the  results  of  the  tests  shall  have  been  given  further  study. 
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By  making  these  tests  your  committee  has  accumulated  considerable  data  which  may 
indicate  that  modifications  should  be  made  in  the  specifications.  Some  of  the  producers, 
who  made  concurrent  tests  of  samples  of  the  same  bitumens  which  were  tested  by  the 
subcommittee,  have  suggested  some  changes  which  seem  to  have  merit  and  which  will 
be  considered  by  the  committee. 

The  expense  of  making  the  tests  was  borne  by  the  Association  of  American  Rail- 
roads and  the  tests  were  conducted  under  the  general  supervision  of  the  research  staff 
of  the  Engineering  Division.  The  committee  desires  to  express  its  appreciation  to  the 
Chicago  &  North  Western  Railway,  Mr.  R.  E.  Coughlan,  engineer  of  tests,  and  Mr.  V.  C. 
Barth,  chief  chemist,  and  to  the  Portland  Cement  Association,  for  cooperation  in  per- 
forming the  tests  in  its  laboratories. 
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To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 
1.  Revision  of  Manual. 

Progress  report — presented  as  information   


page  420 


2.  Specifications  and  principles  of  design  of  plain  and  reinforced  concrete  for  use  in 
railway  bridges,  buildings  and  culverts,  collaborating  with  Committees  1 — Roadway 
and    Ballast,    S— Track,    6— Buildings,    7— Wood   Bridges    and    Trestles,    13— Water 
Service,  Fire  Protection  and  Sanitation,  and  IS — Iron  and  Steel  Structures. 
Report  on  this  subject  is  presented  under  Assignment  10  page  431 

3.  Progress  in  the  science  and  art  of  concrete  manufacture. 
No  report. 

4.  Maintain  contact  with  Joint  Committee  on  Concrete  and  Reinforced  Concrete. 
No  report. 

5.  Specifications  for  foundations,  including  excavation,  cofferdam,  piling,  etc.,  collabo- 
rating with  Committee  1 — Roadway  and  Ballast,  on  soil  mechanics,  and  with 
Committee  7 — Wood  Bridges  and  Trestles,  on  bearing  power  of  wood  piles  and  pile 
driving. 

No  report. 

6.  Methods  and  practices  of  lining  and  relining  tunnels,  collaborating  with  Committee 
1 — Roadway  and  Ballast. 

No  report. 

7.  Bibliography  and  review  of  current  engineering  literature  pertaining  to  railroad 
masonry  work. 

No  report. 

8.  Pressure  grouting. 

Progress  report — submitted  as  information  page  423 
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9.  Specifications    for    concrete    and    reinforced    concrete    railroad    bridges    and    other 
structures. 

Progress  report — submitted  as  information   page  425 

10.  Emergency  provisions  for  modification  of  specifications  and  recommended  practice 
for  the  conservation  of  critical  materials  during  the  present  war. 

Progress  report — submitted  as  information  page  431 

The  Committee  on  Masonry, 

A.  N.  Laird,  Chairman. 


Report  on  Assignment  1 

Revision  of  Manual 

G.  E.  Boyd  (chairman,  subcommittee),  A.  B.  Chapman,  T.  L.  Condron,  J.  A.  Lahmer, 
J.  F.  Leonard,  I.  L.  Pyle,  C.  P.  Schantz,  G.  E.  Shaw.  F.  R.  Smith,  C.  A.  Whipple, 
J.  J.  Yates. 

In  the  manufacture  of  Portland  cement  for  the  duration  of  the  war,  ASTM  has 
adopted  emergency  alternate  specifications  for  Portland  cement,  ASTM  designation 
EA-C  ISO.  These  specifications  are  intended  as  an  alternate  to  ASTM  Standard  Speci- 
fications for  Portland  Cement  (C  150-41)  for  use  during  this  period.  On  the  recom- 
mendation of  your  committee  and  with  the  endorsement  of  the  Emergency  Committee 
on  Structural  Problems,  the  Emergency  Committee  representing  the  Board  of  Direction 
authorized  the  publication  of  these  ASTM  specifications  as  emergency  provisions.  They 
are  presented  herewith  as  information. 


EMERGENCY  ALTERNATE  SPECIFICATIONS  FOR 
PORTLAND  CEMENT1 

ASTM  Designation:  EA-C  ISO 

Issued,  June  6,  1942. 

These  Emergency  Alternate  Specifications  are  issued  by  the  American  Society  for  Testing 
Materials  in  accordance  with  the  special  procedure2  in  the  interest  of  expediting  procurement 
or  conserving  materials  during  the  period  of  National  Emergency.  They  are  intended  as  an 
alternate  to  ASTM  Standard  Specifications  for  Portland  Cement  (C  150-41)8  for  use  during 
this  period. 

Scope 

1.  These  specifications  cover  three  types  of  portland  cement,  as  follows: 

Type  I. — For  use  in  general  concrete  construction  when  the  special  properties  specified 
for  types  II  and  III  are  not  required. 

Type  II. — For  use  in  general  concrete  construction  exposed  to  moderate  sulfate 
action,  or  where  moderate  heat  of  hydration  is  required. 

Type  III. — For  use  when  high  early  strength  is  required. 

1  Under  the  standardization  procedure  of  the  Society,  these  specifications  are  under  the  jurisdiction 
of  the  ASTM  Committee  C-l  on  Cement. 

2  This  special  procedure  is  set  forth  in  the  1941  ASTM  Year  Book,  p.  321. 
8  1941  Supplement  to  Book  of  ASTM  Standards,  Part  II,  p.  1, 
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Basis  of  Purchase 

2.  The  purchaser  should  specify  the.  type  or  types  desired.  When  no  type  is  specified, 
the  requirements  of  type  I  shall  govern. 

Definition 

3.  Portland  Cement. — Portland  cement  is  the  product  obtained  by  pulverizing 
clinker  consisting  essentially  of  hydraulic  calcium  silicates,  to  which  no  additions  have 
been  made  subsequent  to  calcination  other  than  water  and/or  untreated  calcium  sulfate, 
except  that: 

(c)  TDA  may  be  added  to  types  I  and  II  in  amounts  not  exceeding  0.045  per  cent 
by  weight  of  the  cement  and  to  type  III  in  amounts  not  exceeding  0.08  per  cent  by 
weight  of  the  cement,  and 

(6)  Vinsol  resin  may  be  added  to  types  I  and  II  in  amounts  not  less  than  0.025 
and  not  more  than  0.045  per  cent  by  weight  of  the  cement. 

Chemical  Limits 

4.  Portland  cement  of  each  of  the  three  types  shown  in  Section  1  shall  conform  to 
the  chemical  requirements  prescribed  in  Table  I. 

Physical  Requirements 

5.  Portland  cement  of  each  of  the  three  types  shown  in  Section  1  shall  conform  to 
the  physical  requirements  prescribed  in  Table  II. 

Packaging  and  Marking 

6.  When  cement  is  delivered  in  packages,  the  name  and  brand  of  the  manufacturer 
shall  be  plainly  marked  thereon.  The  type  and  ASTM  specification  number  EA-C  150, 
and  the  amount  and  kind  of  any  acceptable  interground  addition  that  may  be  present 
shall  be  clearly  stated  in  the  shipping  advices  accompanying  the  shipment  of  packaged 
or  bulk  cement.  A  bag  shall  contain  94  lb.  net.  A  barrel  shall  consist  of  376  lb.  net. 
All  packages  shall  be  in  good  condition  at  the  time  of  inspection. 

TABLE   I.— CHEMICAL   REQUIREMENTS 


Type  I 


Type  II 


Type  III 


Silicon  dioxide   (SiO„),   min.,   per  cent 

Aluminum  oxide   (A1203),   max.,  per  cent 

Ferric  oxide   (Fe„03),  max.,  per  cent 

Magnesium  oxide   (MgO),  max.,  per  cent 

Sulfur  trioxide  (S03),  max.,  per  cent 

Loss  on  ignition,   max.,   per  cent 

Insoluble   residue,    max.,   per  cent 

Ratio  of  ALO„  to  Fe„03 

Tricalcium  aluminate   (3CaO  .  ALCO,*  max.,  per  cent 


S.O 

2.0 
3.0 
0.75 


21.0 
6.0 
6.0 
S.O 
2.0 
3.0 
0.7S 
0.7  to  2.0 


S.O 
2.S 
3.0 
0.7S 

15 


a  The    expressing   of    chemical    limitations    by    means    of    calculated    assumed    compounds    does    not 
necessarily  mean  that  the  oxides  are  actually  or  entirely  present  as  such  compounds. 

The  percentage  of  tricalcium  aluminate  shall  be  calculated  from  the  chemical  analysis  as  follows: 
Tricalcium  aluminate  =  (2.6S  X  per  cent  A1„03)  —  (1.69  X  per  cent  Fe203) 

Oxide  determinations  calculated  to  the  nearest  0.1  per  cent  shall  be  used  in  the  calculations.  Com- 
pound percentage  shall  be  calculated  to  the  nearest  0.1  per  cent  and  reported  to  the  nearest  1  per  cent. 
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TABLE  II.— PHYSICAL  REQUIREMENTS. 


Type  I 

Type  II 

Type  III 

Fineness,  specific  surface,  sq.cm.  per  g.: 

1500 

2000 

1.0 

60 
10 

150 

275 

1500 
2000 

1.0 

60 
10 

125 

250 

Soundness: 

1.0 

Time  of  setting,  Gillmore  test: 

60 

Tensile  strength,  psi.:B 

The    average    tensile    strength    of    not    less    than    three 
standard  mortar  briquets,   prepared   in  accordance  with 
Methods   C   77.   shall   be  equal   to  or  higher   than   the 
values  specified  for  the  ages  indicated  below: 

10 
275 

375 

■  The  strength  at  any  age  shall  be  higher  than  the  strength  at  the  next  preceding  age. 


Storage 

7.  The  cement  shall  be  stored  in  such  a  manner  as  to  permit  easy  access  for  proper 
inspection  and  identification  of  each  shipment,  and  in  a  suitable  weather-tight  building 
that  will  protect  the  cement  from  dampness  and  minimize  warehouse  set. 

Inspection 

8.  Every  facility  shall  be  provided  the  purchaser  for  careful  sampling  and  inspection 
at  either  the  mill  or  at  the  site  of  the  work,  as  may  be  specified  by  the  purchaser.  The 
following  periods  from  time  of  sampling  shall  be  allowed  for  completion  of  testing: 

1-day  test  6  days 

3-day  test   8  days 

7-day  test   12  days 

Rejection 

9.  (a)  The  cement  may  be  rejected  if  it  fails  to  meet  any  of  the  requirements  of 
these  specifications. 

(b)  Cement  remaining  in  bulk  storage  at  the  mill,  prior  to  shipment,  for  a  period 
greater  than  6  months  after  completion  of  the  tests  may  be  retested  and  may  be  rejected 
if  it  fails  to  conform  to  any  of  the  requirements  of  these  specifications. 

(c)  Packages  varying  more  than  5  per  cent  from  the  specified  weight  may  be 
rejected;  and  if  the  average  weight  of  packages  in  any  shipment,  as  shown  by  weighing 
50  packages  taken  at  random,  is  less  than  that  specified,  the  entire  shipment  may  be 
rejected. 

Methods  of  Testing 

10.  The  cement  shall  be  sampled  and  the  properties  enumerated  in  these  specifica- 
tions shall  be  determined  in  accordance  with  the  following  methods  of  the  American 
Society  for  Testing  Materials: 
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(a)  Chemical  Analysis. — Standard  Methods  of  Chemical  Analysis  of  Portland  Cement 
(ASTM  Designation:  C  1 14-40) 4  and  Tentative  Methods  of  Chemical  Analysis  of  Port- 
land Cement  (ASTM  Designation:   C  114-40  T).B 

(b)  Sampling  and  Physical  Tests.— Standard  Methods  of  Sampling  and  Physical 
Testing  of  Portland  Cement  (ASTM  Designation:  C  77)6  except  that  each  test  sample 
shall  represent  500  bbl.  instead  of  400  bbl.  as  now  specified  and  that: 

(1)  Time  of  Setting  determination  shall  be  made  for  each  500  bbl., 

(2)  Fineness  and  Strength  determinations  shall  be  made  on  a  composite  sample 
representing  1000  bbl.  instead  of  800  bbl.,  and 

(3)  Autoclave   Expansion   and    all    required    chemical    determinations    shall   be 
made  on  a  composite  sample  representing  3000  bbl. 

(c)  Fineness.— Tentative  Method  of  Test  for  Fineness  of  Portland  Cement  by 
Means  of  the  Turbidimeter  (ASTM  Designation:  C  115).7 

(d)  Autoclave  Expansion. — Tentative  Method  of  Test  for  Autoclave  Expansion  of 
Portland  Cement  (ASTM  Designation:   C  151  ).8 


Report  on  Assignment  8 

Pressure  Grouting 

W.  M.  Ray  (chairman,  subcommittee),  H.  E.  Burr,  F.  W.  Capp,  Maurice  Coburn, 
G.  F.  Eberly,  O.  E.  Hager,  A.  C.  Irwin,  R.  L.  Mays,  Roscoe  Owen,  I.  L.  Pyle, 
J.  L.  Rippey,  G.  E.  Robinson,  L.  I.  Stone,  C.  A.  Whipple. 

This  report  comprising  an  outline  of  Recommended  Practice  for  Consolidating 
Foundation  Soils  is  presented  as  information  and  it  is  recommended  that  the  subject  be 
continued  with  the  intention  that  the  practice  outlined  be  revised  and  amended,  if 
necessary,  for  presentation  at  a  later  date  for  inclusion  in  the  Manual  as  a  specification. 

Injecting  cement  grout  into  soil  to  stabilize  foundations  was  one  of  the  first  uses  of 
cement,  dating  in  this  country  from  1845,  at  least,  and  having  been  done  by  French 
engineers  a  number  of  years  earlier.  See  ASCE  Transactions,  Vol.  24,  March  1891,  pages 
230-245. 

RECOMMENDED  PRACTICE  FOR  CONSOLIDATING  FOUNDATION 
SOILS  BY  PRESSURE  GROUTING 

1.  Scope 

The  processes  hereinafter  described  are  applicable  only  under  conditions  favorable 
to  the  penetration  of  grout  and  do  not  apply  to  soils  such  as  consolidated  clay,  bentonite 
or  oily  silts. 

2.  Exploration 

An  indispensable  preliminary  to  any  soil  grouting  project  is  to  ascertain  the  char- 
acteristics of  the  materials  to  be  treated.  Test  pits  and  borings  should  be  employed  to 


1  1940  Supplement  to  Book  of  ASTM  Standards,  Part  II,  p.  8. 

5  Ibid.,  p.   171. 

6  1940  Supplement  to  Book  of  ASTM  Standards,  Part  II,  p.  27. 

7  1941  Supplement  to  Book  of  ASTM  Standards,  Part  II.  p.  2S7. 

8  1940  Supplement  to  Book  of  ASTM  Standards.  Part  II,  p.  176. 
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develop  the  specific  gravity,  size  of  particles,  degree  of  saturation,  elevation  of  water 
table,  whether  stationary  or  fluctuating,  and  the  top  elevation  of  rock  or  impervious 
material  which  would  limit  the  desirable  or  possible  depth  of  penetration  of  grout.  (See 
AREA  Specifications  for  Test  Borings.)  If  the  proposed  structure  is  to  support  moving 
loads  or  machinery  producing  severe  vibrations,  advance  information  as  to  the  amplitude 
and  direction  of  vibrations  before  and  after  grouting  is  desirable.  Information  should 
also  be  developed  to  determine  the  maximum  pressures  permissible  so  as  not  to  disturb 
existing  loads  or  conditions,  and  proper  gages  and  levels  should  be  established  for 
pressure  control  at  all  times. 

From  the  above  information  determine  the  best  location,  diameter,  and  depth  of 
holes  to  be  drilled,  and,  if  in  porous  material,  the  dimensions  of  grouting  pipes  required. 
At  sites  involving  unusually  porous  material  the  Engineer  may  require  the  injection  of 
sand  to  form  a  curtain  or  barrier  wall  to  limit  the  area  of  penetration. 

In  general  the  grout  may  be  applied  through  grouting  pipes  by  either  of  the  fol- 
lowing processes: 

(a)  Drive  grout  pipes  down  to  the  prescribed  maximum  depth  and  start 
grouting  through  the  end  of  the  pipe  which  shall  be  drawn  up  as  penetration  is 
completed. 

(b)  Using  the  "oil  well"  procedure,  drive  a  section  of  pipe  3  inches  in 
diameter  or  larger  to  refusal  on  hard  material  and  grout  it  in  place.  Then  by  the 
use  of  a  pipe  gun  or  other  device,  perforate  the  sides  of  the  grout  pipe  in  sections 
and  force  the  grout  through  the  perforations  into  surrounding  material,  working 
the  sections  consecutively  from  the  bottom  up. 

Grouting  equipment  must  include  a  mechanical  mixer  and  a  pump  of  sufficient 
capacity  to  treat  a  pre-determined  volume  in  any  practicable  time  interval,  depending 
on  the  conditions  at  the  job,  and  up  to  the  maximum  pressure  permissible.  The  grout 
delivery  system  shall  be  designed  with  suitable  by-passes  and  gages  to  facilitate  and 
control  at  all  times  the  application  of  a  continuous  and  uniform  flow  of  grout. 

Unless  otherwise  specified  the  grout  shall  consist  of  neat  Portland  cement  slurry 
carrying  the  minimum  amount  of  water  practicable  to  secure  the  desired  penetration. 
The  cement  shall  comply  with  AREA  Specifications  for  Portland  Cement.  In  cases  of 
unusual  porosity  or  when  sizeable  voids  are  encountered,  sand  may  be  added  in  varying 
proportions,  as  directed  by  the  Engineer,  up  to  1:1  mix  by  volume  of  cement  and  sand. 
All  sand  should  pass  a  No.  28  mesh  sieve  and  have  large  proportions  passing  50  and  100 
mesh  sieves  and  shall  in  other  particulars  comply  with  AREA  specifications  for  fine 
concrete  aggregate. 

After  grouting  a  first  series  of  holes  (by  whatever  method  is  adopted)  test  the 
degree  and  extent  of  penetration  in  the  desired  area,  and  locate  a  second  series  of  holes 
equally  spaced  among  the  original  holes  and  proceed  as  before  until  satisfactory  con- 
solidation has  been  secured. 

A  load  test  shall  then  be  applied  as  nearly  as  possible  to  the  center  of  gravity  of 
the  proposed  loading  to  ascertain  whether  the  desired  results  have  been  obtained. 

3.  Payment 

(a)  The  Contractor  may  propose  to  guarantee  the  attainment  of  consolidation  of 
the  prescribed  areas  to  sustain  without  settlement  the  specified  loading  for  a  lump  sum 
to  cover  the  entire  work  and  satisfactory  completion  of  the  operations  previously  listed, 
including  the  furnishing,  installation,  and  removal  of  all  equipment  and  materials  involved 
for  the  amount  of  $ 
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(b)   On  the  basis  of  unit  prices  for  required  operations  as  follows: 

1.  Lump  sum  price  for  equipment  moved  to  and  from  the  job. 

2.  Drilling   diameter  holes  at  per  linear  foot. 

3.  Furnishing  and  installing diameter  grout  pipe  at  per 

linear  foot. 

4.  Perforating  diameter  grout  pipe  at  per  vertical  pipe 

foot. 

5.  Grout  cement  in  place  at  per  sack  cement. 

6.  Grout  sand  in  place  at  per  cubic  yard. 


Report  on  Assignment  9 

Specifications  for  Concrete  and  Reinforced  Concrete  Railroad 
Bridges  and  Other  Structures 

C.  H.  Splitstone  (chairman,  subcommittee),  A.  B.  Chapman,  G.  H.  Dayett,  H.  A.  Dise, 
Theodore  Doll,  Meyer  Hirschthal,  A.  C.  Irwin,  J.  E.  Kalinka,  J.  A.  Lahmer,  J.  F. 
Leonard,  C.  P.  Marsh,  J.  L.  Rippey,  G.  E.  Robinson,  C.  P.  Schantz,  J.  H.  Shieber, 
L.  I.  Stone,  Jamison  Vawter,  J.  J.  Yates. 

This  report  is  submitted  as  information  with  the  recommendation  that  the  subject 
be  continued.  During  the  year  the  Specifications  for  Concrete  and  Reinforced  Concrete 
Railroad  Bridges  and  Other  Structures  which  were  published  in  the  Proceedings,  Vol.  43, 
pages  337-355,  have  been  revised,  and  the  sections  of  the  specifications  which  embody 
major  changes  are  reprinted  herein.  These  sections  will  be  incorporated  in  the  original 
draft,  and  after  further  study,  your  committee  intends  to  submit  the  specifications  next 
year  for  approval  and  publication  in  the  Manual. 

SPECIFICATIONS  FOR  CONCRETE  AND  REINFORCED  CONCRETE 
RAILROAD  BRIDGES  AND  OTHER  STRUCTURES 

101.  Definition 

Concrete  is  an  intimate  mixture  of  cement,  aggregates  and  water  of  the  qualities 
herein  specified.  It  shall  be  proportioned,  mixed,  transported,  placed  and  cured  by  the 
methods  herein  specified. 

I  MATERIALS 

102.  General 

Materials  which  will  give  uniform  character  and  color  to  each  structure  shall  be  used. 

Aggregates 

103.  Sampling  and  Testing 

Representative  samples  shall  be  selected  and  sent  to  the  testing  laboratory  at  fre- 
quent intervals  as  directed  by  the  Engineer.  Aggregates  may  not  be  used  until  the 
samples  have  been  approved  by  the  designated  laboratory  as  being  in  conformity  with 
the  following  requirements  and  their  use  authorized  by  the  Engineer. 

Sampling  and  testing  shall  be  in  accordance  with  the  following  standard  methods 
of  the  American  Society  for  Testing  Materials: 


D 
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c: 

123 

426 Masonry 

(a)  Sampling   Designation 

(b)  Sieve  Analysis   " 

(c)  Weight  of  Aggregates    " 

(d)  Resistance  to  Abrasion    " 

(e)  Soundness    " 

(f)  Material  Passing  No.  200  Sieve " 

(g)  Mortar  Strength    " 

(h)   Organic  Impurities    " 

(i)    Combustible  and  Volatile  Materials  " 

(j)    Slump  Test  " 

(k)   Coal  and  Lignite  " 

The  fineness  modulus  of  an  aggregate  is  the  sum  of  the  percentage  coarser  than  each 
sieve  divided  by  100,  using  the  following  standard  sieve  sizes:  No.  100,  No.  50,  No.  30, 
No.  16,  No.  8,  No.  4,  Y%  inch,  54  inch,  V/2  inch,  3  inch. 

Fine  Aggregates 

105.  General 

Fine  aggregate  shall  consist  of  natural  sand  or,  subject  to  the  approval  of  the 
Engineer,  other  inert  materials  with  similar  characteristics. 

106.  Grading 

Fine  aggregate  shall  be  graded  from  coarse  to  fine  within  the  limits  shown  in  the 
following  table: 

Total  Passing — Percentage  by  Weight 
Natural  Sand  Manufactured  Sand 

Sieve  Size  Min.  Max.  Minimum  Maximum 

H  inch  100 

No.       4   95  100  100 

No.       8   . .  90  100 

No.     16   45  80  50  75 

No.     30   . .  30  50 

No.     50   10  30  10  30 

No.  100   0  8  3  10 

For  walls  and  other  locations  where  smooth  surfaces  are  desired,  the  fine  aggregate 
shall  be  graded  within  the  limits  shown  in  the  table  above  except  that  not  less  than 
15  percent  shall  pass  the  No.  50  sieve  and  not  less  than  3  percent  shall  pass  the  No.  100 
sieve. 

107.  Uniformity 

For  the  purpose  of  obtaining  uniformity  of  grading  of  fine  aggregate  in  different 
shipments  from  any  one  source,  a  preliminary  sample  shall  be  submitted  at  least  10  days 
prior  to  actual  deliveries.  This  sample  shall  be  representative  of  the  material  which  it  is 
proposed  to  furnish.  Any  shipment  of  fine  aggregates  made  during  the  progress  of  the 
work  which,  although  meeting  the  grading  requirements  of  Section  106,  shows  a  variation 
in  fineness  modulus  greater  than  0.20  either  way  from  the  fineness  modulus  of  the  pre- 
liminary sample  shall  be  rejected  or,  at  the  option  of  the  Engineer,  may  be  accepted 
subject  to  such  changes  in  concrete  proportions  as  may  be  necessary  by  reason  of  failure 
to  comply  with  the  requirements  of  this  Section. 

113.  Deleterious  Substances 

Deleterious  substances  shall  not  be  present  in  excess  of  the  following  amounts: 
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Permissible  Limits 

Percent  by  Weight 

Recommended    Maximum 

Soft  fragments  

Coal  and  lignite    

Clay  lumps  

Material  finer  than  No.  200  sieve  

Other  deleterious  substances  (such  as  alkali,  friable, 
thin,  elongated,  or  laminated  pieces)    


1 

5 

Ya 

1 

Va 

% 

y2* 

1* 

*Note:  When   the   material   finer  than   the  No.   200  sieve  consists   essentially   of   crusher  dust   the 
maximum  amounts  permitted  may  be  raised  to  J4  and  ll/i  percent,  respectively. 

114.  Abrasion  Loss 

Crushed  stone  or  gravel  to  be  used  in  concrete  subject  to  surface  abrasion  shall 
meet  the  following  requirements  for  abrasion  loss: 

Maximum  Loss — Percent  by  Weight 

Subject  to  Subject  to  Not  Subject 

Material                                          Severe  Abrasion  Medium  Abrasion  to  Abrasion 

Crushed   stone    40  50  60 

Gravel,  uncrushed   40  50  60 

Gravel,  100  percent  crushed  40  50  60 

Slag,   crushed    40  50  60 

Cement 

124.  Quality  and  Methods  of  Sampling  and  Testing 

The  quality  of  cement  and  the  methods  of  sampling  and  testing  it  shall  be  as  re- 
quired by  the  current  Specifications  for  Portland  Cement  (ASTM  Designation  C  150). 

203.  Water  Cement  Ratio 

The  proportioning  of  materials  shall  be  based  on  the  requirements  for  a  plastic  and 
workable  mix  suited  to  the  conditions  of  placement  containing  not  more  than  the 
specified  amount  of  water,  including  the  free  water  contained  in  the  aggregate,  per 
94-pound  sack  of  cement.  The  maximum  specified  amount  of  water  shall  not  exceed  the 
quantities  shown  in  Table  I  for  the  type  of  structure  and  the  condition  of  exposure 
to  which  it  will  be  subjected.  Moisture  in  the  aggregate  shall  be  measured  by  methods 
satisfactory  to  the  Engineer. 

Free  water  content  of  the  aggregates  is  included  in  the  quantities  specified  and  must 
be  deducted  from  the  amounts  given  in  the  table  to  determine  the  amount  to  be  added 
at  the  mixer.  Allowance  may  be  made  for  absorption  when  aggregates  are  not  saturated 

204.  Assumed  Strength  of  Concrete  Mixtures 

Concrete  made  with  Type  I  or  Type  II  Portland  cement  with  the  quantities  of 
water  as  specified  in  Section  203  is  assumed  to  have  the  following  minimum  compressive 
strength  at  the  age  of  28  days: 

Total  Water  Assumed  Minimum  Compressive 

U.  S.  Gallons  per  Strength  at  the  Age  of  28  Days 

94-lb.  Sack  of  Cement  lb.  per  sq.  in. 

iy2  2,500 

7  2,750 

ty2 3,000 

6  3,300 

$y2  3,700 

5  4,250 
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The  above  values  are  based  on  the  use  of  cement  and  aggregates  meeting  the 
requirements  of  these  specifications  and  the  concrete  being  sufficiently  protected  from 
loss  of  moisture  and  from  low  temperatures  to  insure  that  proper  hardening  will  develop. 
When  Type  III  Portland  cement  is  used  in  lieu  of  Type  I  or  Type  II  Portland  cement, 
it  is  assumed  the  above  values  for  compressive  strength  will  be  obtained  at  the  age  of 
7  days. 

The  strength  of  cylinders  made  with  Type  I  or  Type  II  Portland  cement  and  tested 
at  the  age  of  7  days  should  not  fall  below  65  percent  of  the  assumed  minimum  com- 
pressive strength  at  the  age  of  28  days.  The  strength  of  cylinders  made  with  Type  III 
Portland  cement  and  tested  at  the  age  of  3  days  should  not  fall  below  65  percent  of  the 
assumed  minimum  compressive  strength  at  the  age  of  2S  days  shown  for  Type  I  and 
Type  II  Portland  cement. 

230.  Machine  Mixing  (at  Site  or  at  Central  Mixing  Plant) 

Unless  otherwise  authorized  by  the  Engineer,  the  concrete  shall  be  mixed  in  a 
batch  mixer  of  approved  type  and  size  which  will  insure  a  uniform  distribution  of 
the  material  throughout  the  mass.  The  equipment  at  the  mixing  plant  shall  be  so  con- 
structed that  all  materials  (including  the  water)  entering  the  drum  can  be  accurately 
measured  and  weighed  and  be  under  control.  The  entire  batch  shall  be  discharged  from 
the  mixer  before  recharging.  The  volume  of  the  mixed  material  per  batch  shall  not  exceed 
the  manufacturer's  rated  capacity  of  the  mixer.  Except  as  qualified  in  Section  232,  mixing 
of  each  batch  shall  continue  for  the  periods  indicated  below*  during  which  time  the  drum 
shall  rotate  at  a  peripheral  speed  of  about  200  feet  per  minute.  The  mixing  periods  shall 
be  measured  from  the  time  when  all  of  the  solid  materials  are  in  the  mixer  drum,  pro- 
vided that  all  of  the  mixing  water  shall  have  been  introduced  before  one-fourth  of  the 
mixing  time  has  elapsed. 

Minimum  mixing  time  shall  be  as  follows: 

1.  For  mixers  of  a  capacity  of  one  cubic  yard  or  less — V/z  minutes. 

2.  For  mixers  of  capacities  greater  than  one  cubic  yard,  the  time  of  mixing  shall 
be  increased  15  seconds  for  each  additional  half  cubic  yard  capacity  or 
fraction  thereof. 

231.  Truck  Mixing 

Truck  mixers  shall  be  watertight  and  so  constructed  that  the  concrete  can  be  mixed 
to  insure  a  uniform  distribution  of  materials  throughout  the  mass  and,  unless  otherwise 
authorized  by  the  Engineer,  shall  be  of  the  revolving  drum  type.  All  solid  materials  for 
the  concrete  shall  be  accurately  measured  in  accordance  with  Section  202  and  charged 
into  the  drum  at  the  proportioning  plant.  The  truck  mixer  shall  be  equipped  with  a 
tank  for  carrying  mixing  water.  The  tank  shall  have  a  device  by  which  the  quantity  of 
water  added  to  the  concrete  can  be  positively  controlled  and  readily  verified.  No  water 
shall  be  admitted  to  the  drum  until  the  mixer  is  at  the  site  of  the  work  unless  author- 
ized by  the  Engineer.  If,  with  the  approval  of  the  Engineer,  the  water  is  added  and  the 
batch  is  mixed  in  transit,  the  mixer  shall  be  equipped  with  a  device  by  which  the 
Engineer  can  determine  the  amount  of  mixing  that  has  been  done  on  arrival  of  the  truck 
at  the  site  of  the  work.  The  maximum  size  of  batch  shall  be  in  accordance  with  the 
specified  rating  of  the  mixer.  The  mixing  shall  be  continued  for  not  less  than  50  revolu- 
tions after  all  ingredients,  including  water,  are  in  the  drum.  The  speed  shall  be  not  less 


When,  in  the  judgment  of  the  Engineer,  longer  mixing  times  are  necessary  he  should  so  specify. 
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than  4  r.p.m.  nor  more  than  the  speed  resulting  in  a  peripheral  velocity  of  the  drum  of 
225  feet  per  minute.  Not  more  than  ISO  revolutions  of  mixing  shall  be  at  a  speed  in 
excess  of  6  r.p.m.  Mixing  shall  begin  within  30  minutes  after  the  cement  has  been  added 
either  to  the  water  or  the  aggregate.  The  concrete  shall  be  delivered  to  the  site  of  the 
work  and  discharged  from  the  mixer  within  a  period  of  one  hour  after  the  introduction 
of  the  mixing  water  and  cement  to  the  aggregates.  In  case  the  required  amount  of  mix- 
ing has  been  completed  before  the  time  of  discharging  the  batch,  mixing  shall  be  resumed 
briefly  to  agitate  the  batch  just  before  discharging.  Mixers  shall  be  dispatched  from  the 
proportioning  plant  so  as  to  provide  a  uniform  rate  of  delivery.  The  rate  of  delivery  of 
the  mixed  concrete  shall  be  such  that  the  interval  between  batches  will  not  exceed  10 
minutes.  Each  batch  of  concrete  delivered  at  the  job  shall  be  accompanied  by  a  time 
slip  issued  at  the  batching  plant,  bearing  the  time  of  departure  therefrom  and  the 
signature  of  the  Inspector. 

232.  Partial  Mixing  at  the  Central  Plant 

When  a  truck  mixer,  or  an  agitator  provided  with  adequate  mixing  blades,  is  used 
for  transportation,  the  mixing  time  at  the  stationary  machine  mixer  may  be  reduced  to 
30  seconds  and  the  mixing  completed  in  a  truck  mixer  or  agitator.  The  mixing  time  in 
the  truck  mixer  or  agitator  equipped  with  adequate  mixing  blades  shall  be  as  specified 
for  truck  mixing  in  Section  231.  The  maximum  volume  of  mixed  concrete  transported 
in  an  agitator  shall  be  in  accordance  with  the  specified  rating. 

233.  Time  of  Hauling  Ready-Mixed  Concrete 

Concrete  transported  in  a  truck  mixer,  agitator,  or  other  transportation  device  shall 
be  discharged  at  the  job  within  one  hour  after  the  cement  has  been  added  to  the  water 
of  the  aggregates. 

Depositing  Concrete  in  Air 
236.  General 

Before  beginning  placement  of  concrete,  hardened  concrete  and  foreign  materials 
shall  be  removed  from  the  inner  surfaces  of  the  mixing  and  conveying  equipment.  Before 
depositing  any  concrete  all  debris  shall  be  removed  from  the  space  to  be  occupied  by 
the  concrete  and  mortar  splashed  upon  the  reinforcement  and  surfaces  of  forms  shall  be 
removed.  Reinforcement  shall  be  checked  for  position  and  fastening  and  approval  of  the 
Engineer  obtained.  Where  concrete  is  to  be  placed  on  a  rock  foundation,  all  loose  rock, 
clay,  mud,  etc.,  shall  be  removed  from  the  surface  of  the  rock.  Water  shall  be  removed 
from  the  space  to  be  occupied  by  the  concrete  before  concrete  is  deposited,  unless  other- 
wise directed  by  the  Engineer.  Any  flow  of  water  into  an  excavation  shall  be  diverted 
through  proper  side  drains  to  a  sump,  or  be  removed  by  other  approved  methods  which 
will  avoid  washing  the  freshly  deposited  concrete.  If  directed  by  the  Engineer  water 
ventpipes  and  drains  shall  be  filled  by  grouting  or  otherwise  after  the  concrete  has 
thoroughly  hardened. 

239.  Pneumatic  Placing 

Pneumatic  placing  of  concrete  shall  be  done  with  a  concrete  placing  machine  which 
forces  the  concrete  through  a  pipe  line  by  means  of  compressed  air.  The  equipment  shall 
be  suitable  in  kind  and  adequate  in  capacity  for  the  work.  There  shall  be  available  a 
working  pressure  of  120  pounds  per  square  inch.  The  air  pressure  and  the  consistency 
of  the  concrete  shall  be  so  regulated,  without  varying  the  water-cement  ratio,  that  the 
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coarse  aggregate  shall  not  be  blown  away  from  the  mortar  matrix  when  the  concrete 
issues  from  the  end  of  the  delivery  pipe.  The  machine  shall  be  located  as  close  as  prac- 
ticable to  the  place  of  deposit.  The  size  and  design  of  the  pipe  line  and  the  cleaning  of 
it  when  operation  ceases  shall  be  as  specified  in  Section  240.  Flexible  pipe  branches  shall 
be  provided  when  necessary  to  deliver  the  concrete  at  approximately  its  final  position 
in  the  forms.  The  position  of  the  nozzle  shall  be  such  that  the  concrete  is  directed  to 
the  point  of  deposit  without  impinging  directly  on  the  reinforcement  and  without  exces- 
sive rebound  of  material.  The  nozzle  of  the  delivery  pipe  shall  be  as  close  to  the  mass 
of  concrete  as  conditions  will  permit  and  in  no  case  shall  it  be  more  than  5  feet  away. 
On  important  work  duplicate  pneumatic  equipment  and  additional  pipe  shall  be  pro- 
vided to  prevent  delay  due  to  breakdown  of  equipment. 

240.  Pumping  Concrete 

The  pump  and  all  appurtenances  shall  be  so  designed  and  arranged  that  the 
specified  concrete  can  be  transported  and  placed  in  the  forms  without  segregation. 
The  pump  shall  be  capable  of  developing  a  working  pressure  of  at  least  300  pounds 
per  square  inch  and  the  pipe  line  and  fittings  shall  be  designed  to  withstand  twice  the 
working  pressure.  If  the  pump  or  machine  is  of  the  type  in  which  delivery  of  concrete 
through  the  pipe  is  effected  directly  by  air,  there  shall  be  available  a  working  air  pres- 
sure of  120  pounds  per  square  inch.  Sufficient  air  pressure  shall  be  maintained;  and,  in 
some  instances,  a  reservoir  shall  be  installed  in  the  air  line  so  as  to  secure  a  continuous 
flow.  A  regulating  valve  shall  be  installed  in  the  air  line  so  as  to  control  the  pressure 
for  variations  in  distance  and  height  of  placement. 

Where  it  is  necessary  to  lay  the  pipe  on  a  down  grade,  a  reducer  shall  be  placed 
at  the  discharge  end  of  the  pipe  to  provide  a  choke  and  thus  produce  a  continuous 
flow  of  concrete.  When  the  type  of  pump  is  such  that  it  discharges  the  concrete 
in  small  batches,  or  by  "belching",  a  baffle  box  shall  be  provided  into  which  the 
concrete  shall  be  discharged.  This  box  should  preferably  be  of  metal,  about  two 
feet  square,  with  open  sides  so  as  to  permit  the  concrete  to  flow  into  the  forms 
at  right  angles  to  line  of  discharge.  The  pipe  shall  be  not  less  than  6  inches  nor 
more  than  8  inches  outside  diameter,  and  the  line  shall  be  laid  with  as  few  bends  as 
possible.  When  changes  in  direction  are  necessary  they  should  be  made  with  bends  of 
45  degrees  or  less,  unless  greater  bends  are  specifically  permitted.  If  greater  bends  are 
permitted  in  special  cases,  they  shall  be  long-radius  bends.  The  maximum  distance  of 
delivery  of  concrete  by  pumping  shall  be  1,000  feet  horizontally  and  100  feet  vertically, 
unless  otherwise  specifically  permitted  by  the  Engineer.  (A  90-degree  bend  is  figured 
as  equivalent  to  40  feet  of  horizontal  piping.  A  45-degree  bend  is  equivalent  to  20  feet. 
A  22j4-degree  bend  is  equivalent  to  10  feet).  When  pumping  is  completed,  the  concrete 
remaining  in  the  pipe  line,  if  it  is  to  be  used,  shall  be  ejected  in  such  a  manner  that 
there  will  be  no  contamination  of  the  concrete  or  separation  of  the  ingredients.  The 
pipe  line  and  equipment  must  then  be  thoroughly  cleaned.  The  pipe  line  can  be  cleaned 
by  either  water  or  air.  If  water  is  used,  a  pump  shall  be  provided  with  a  capacity  of  at 
least  80  gallons  per  minute  and  capable  of  developing  a  pressure  of  400  pounds  per 
square  inch.  Cleaning  of  the  pipe  can  also  be  accomplished  by  the  use  of  a  "go-devil" 
which  is  propelled  through  the  line  by  water  or  air  pressure.  (The  "go-devil"  is  a  dumb- 
bell shaped  piece  with  a  cup  rubber  on  each  end.  The  cups  are  turned  toward  the 
liquid,  or  air,  and  the  seal  is  the  same  as  in  a  simple  plunger  pump.)  If  water  is  used, 
it  must  be  discharged  outside  of  the  forms.  On  important  work  duplicate  pumping 
equipment  and  additional  pipe  shall  be  provided  to  prevent  delay  due  to  breakdown  of 
equipment. 
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Curing 

260.  General 

These  Specifications  for  Heat  Curing  and  Wet  Curing  are  based  on  the  use  of 
Type  I,  Type  II  or  Type  III  Portland  cement  in  concrete  deposited  in  air. 

262.  Wet  Curing 

When  not  otherwised  specified,  all  concrete  surfaces  when  not  protected  by  forms, 
must  be  kept  constantly  wet  for  a  period  of  not  less  than  7  days  after  concrete  is 
placed  when  Type  I  or  Type  II  Portland  cement  is  used,  and  not  less  than  3  days 
when  Type  III  Portland  cement  is  used. 

The  wet  curing  period  for  all  concrete  which  will  be  in  contact  with  brine  drip,  sea 
water,  salt  spray,  alkali  or  sulfate  bearing  soils  or  waters,  or  similar  destructive  agents, 
shall  be  increased  to  50  percent  more  than  the  periods  specified  for  normal  exposures. 
Salt  water  and  corrosive  waters  and  soils  shall  be  kept  from  contact  with  the  concrete 
during  placement  and  for  the  curing  period. 

When  wood  forms  are  left  in  place  during  the  curing  period  they  shall  be  kept 
sufficiently  damp  at  all  times  to  prevent  openings  at  the  joints  and  drying  of  the 
concrete. 

When  wet  curing  is  impracticable,  liquid  surface  applications  or  other  effective  means 
to  prevent  or  minimize  evaporation  may  be  used  in  lieu  of  wet  curing  only  when 
approved  by  the  Engineer. 


Report  on  Assignment  10 

Emergency  Provisions  for  Modification  of  Specifications  and 

Recommended  Practice  For  the  Conservation  of  Critical 

Materials  During  the  War 

G.  H.  Dayett,  C.  P.  Marsh,  W.  M.  Ray,  C.  H.  Splitstone  (co-chairmen,  subcommittee), 
and  the  entire  personnel  of  Committee  8 — Masonry. 

This  report  is  presented  as  information. 

With  the  object  of  effecting  a  maximum  conservation  of  critical  materials  used  in 
concrete  structures  during  the  period  of  the  war,  your  committee  developed  recommenda- 
tions for  the  modification  of  specifications,  practices  and  policies  to  be  followed  by  the 
railroads  in  the  design,  construction  and  maintenance  of  concrete  railway  bridges,  retain- 
ing walls  and  other  concrete  structures,  exclusive  of  buildings,  within  the  scope  of  this 
committee's  assignments.  It  was  the  intention  to  submit  these  recommendations  in  their 
entirety  for  adoption  as  AREA  Emergency  Provisions. 

However,  just  prior  to  the  publication  of  this  report,  your  committee  received  ad- 
vance copies  of  Emergency  Specifications  for  Reinforced  Concrete  Railway  Bridges  pre- 
pared by  the  War  Production  Board,  with  a  request  for  suggestions  and  comments. 
Therefore,  to  avoid  conflict  with  a  document  which  would  necessarily  take  precedence 
over  the  recommendations  prepared  by  your  committee,  it  has  been  deemed  advisable  to 
withdraw  from  the  report,  the  subject  matter  relating  to  design,  and  submit  only  the 
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portion  comprising  suggested  modification  of  requirements  for  Materials  and  Workman- 
ship and  recommendations  for  Maintenance  and  Repairs  to  Existing  Structures  to  avoid 
reconstruction  and  curtail  the  use  of  critical  materials  in  making  repairs. 

The  abridged  report  as  presented  below  has  been  submitted  to  the  Emergency  Com- 
mittee representing  the  Board  of  Direction  for  adoption  and  publication  as  Emergency 
Provisions. 


SPECIFICATIONS  FOR  PORTLAND  CEMENT  CONCRETE, 
PLAIN  AND  REINFORCED 

I     MATERIALS1 

1.  Serious  consideration  should  be  given  to  the  use  of  local  materials  as  aggregates 
for  concrete,  to  conserve  transportation,  by 

(a)  Substituting  examination  of  mineral  composition  and  service  records  of  the 
aggregates  for  the  sodium  sulfate  and  freezing  and  thawing  tests. 

(b)  Selecting  aggregates  for  the  character  of  exposure.  Aggregates  unsuited  to 
severe  exposure  may  be  used  in  protected  locations,  that  is,  where  no  freezing, 
thawing  or  abrasion  takes  place. 

(c)  Modifying  grading  requirements  and  using  workability  tests  and  the  water- 
cement  ratio  as  a  basis  for  proportioning  mixes. 


II     WORKMANSHIP2 

1.  Design  forms  so  that  the  maximum  reuse  of  material  can  be  obtained.  Wood 
forms  should  be  oiled  before  concrete  is  placed  and  all  forms  should  be  carefully  removed 
and  cleaned.  Wherever  possible  substitute  outside  bracing  for  metal  ties  or  use  removable 
ties. 

2.  For  water  tight  joints,  instead  of  using  metal  dams,  close  the  reverse  side  of  the 
joint  with  keyed  bituminous  mastic  and  protect  with  asphalt  or  creosoted  wood  plank, 
or  use  three  layers  of  fabric  mopped  in  bituminous  material  and  protected  by  suitable 
board.  Adequate  drainage  is  important  in  this  connection. 


MAINTENANCE  OF  AND  REPAIRS  TO  EXISTING  STRUCTURES 

Recommendations  for  Avoiding  Reconstruction  and  for  Limiting  the 
Use  of  Critical  Materials  in  Required  Maintenance 

For  a  comprehensive  discussion  of  application  of  concrete  and  cement  products, 
refer  to  the  Portland  Cement  Association  publication  "Concrete  for  Railways"  Vol.  6. 
No.  3,  page  8,  and  examples  of  railroad  projects  listed  below: 

1.  The  injection  of  Portland  cement  grout  under  pressure  has  been  applied  success- 
fully for  the  repair  and  strengthening  of  existing  concrete  and  stone  masonry  structures 
in  the  following  cases: 

1  Part  I     Materials  appears  on  page  8-1,  Manual  of  the  American  Railway  Engineering  Association. 
a  Part  II     Workmanship  appears  on  page  8-21,  Manual  of  the  American  Railway  Engineering  Asso- 
ciation. 
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(a)  Prevention  of  leakage  in  and  repairs  of  tunnel  linings,  AREA  Proceed- 
ings, Vol.  41,  pp.  399,  400,  401  (Santa  Fe  Franklin  Tunnel)  and  Vol.  43,  pp.  336, 
337  (Chicago  Subway).  Also  restoration  and  consolidation  of  unit  masonry  struc- 
tures, Vol.  41,  pp.  403,  404  and  406  (railroad  structures — general)  and  Vol.  42, 
pp.  319  and  320,  Vol.  43,  p.  336  and  specifications  in  AREA  Manual,  pp.  8-99  to 
S-101. 

(b)  On  the  Canadian  National  Rys.,  the  Mt.  Royal  Tunnel  at  Montreal,  Que., 
1%  miles  long,  concrete  lining  in  bad  condition  repaired  and  restored,  1940  to  1942. 
The  Thames  river  viaduct,  St.  Marys,  Ont.  Two  abutments  and  9  piers  of  stone 
masonry  built  in  1856,  reconstruction  estimated  to  cost  $200,000,  was  satisfactorily 
repaired  and  strengthened  for  increased  loading  in  1941.  The  International  Bridge, 
Niagara  Falls,  2  abutments  and  8  piers  of  stone  masonry  carrying  100  trains 
daily.  Repairs  started  October  1941,  still  in  progress,  at  about  10  percent  of  the 
estimated  cost  of  reconstruction.  Nine  other  similar  structures  are  in  progress  of 
repair  and  many  other  structures  are  scheduled  for  like  treatment  as  soon  as 
possible. 

(c)  See  also  Pressure  Grouting  Rejuvenates  Old  Masonry  on  the  New  York 
Central  Railroad — in  "Concrete  for  Railways",  Vol.  5,  No.  1,  pp.  13-15. 

(d)  On  the  N.Y.N.H.  &  H.  R.R.  the  strategic  location  of  a  branch  line  re- 
quired immediate  action  when  demand  was  made  for  the  use  of  heavier  power 
on  account  of  the  war  program,  involving  the  reinforcement  of  3  stone  arches 
which  had  developed  cracks  in  arch  rings  and  movement  in  some  of  the  spandrel 
and  wing  walls.  To  relieve  this  situation  with  the  least  delay  and  avoid  use  of 
critical  materials,  a  contract  was  arranged  for  consolidation  by  pressure  grouting, 
using  a  mixture  of  one  part  cement  to  one  of  fine  sand.  All  3  of  the  arches  are  of 
similar  construction,  single  track  semi-circular,  20-ft.  span,  parallel  return  wings. 
About  7,000  bags  of  cement  were  used,  and  the  results  to  date  have  been  quite 
satisfactory.  The  structures  are  carrying  increased  loading  without  evidence  of 
distress. 

(e)  On  the  New  York  Central  R.R.,  Bridge  413,  Chicago  division,  includes 
a  single  track  stone  abutment  supporting  a  through  truss  span.  This,  abutment 
cracked  into  three  sections  of  which  the  sections  under  the  truss  settled,  one  of 
them  about  two  inches.  Probable  cause  was  the  decay  of  timber  grillage  due  to 
lowering  of  ground  water  level.  Holes  were  drilled  through  the  grillage  and  cement 
grout  forced  into  subsoil  and  voids  in  the  grillage  similarly  filled  until  grout 
appeared  in  surrounding  ground  at  an  elevation  some  18  in.  above  top  of  grillage. 
Masonry  was  also  consolidated  by  pressure  grout.  Work  done  in  August  1941 
and  a  year  later  no  settlement  had  occurred  and  cracks  which  had  been  sealed 
with  shotcrete  had  not  opened  up. 

Also  at  Bridge  372,  St.  Louis  District,  two  single-track  T-abutments  on 
timber  grillage  on  timber  piles  had  cracked  between  the  head  and  stem  of  "T" 
due  to  settlement  of  stem.  Masonry  was  pressure  grouted  and  voids  in  grillage 
filled  by  same  method.  One  year  later  the  structure  was  in  excellent  shape.  In 
both  cases  the  treatment  reduced  vibration  to  about  the  normal  range  for  a  con- 
crete structure.  The  grout  applied  was  generally  mixed  with  one  part  Portland 
cement  to  one-half  part  locomotive  sand. 

(f)  During  1942  the  Pere  Marquette  Ry.  has  reconstructed  stone  masonry 
piers  under  the  drawbridge  over  the  St.  Joseph  river  at  St.  Joseph,  Mich.  The 
bridge  is  a  horizontal  swing  truss  span  supported  on  circular  stone  center  pier 
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and  rectangular  stone  end  piers.  All  the  piers  rest  on  heavy  timber  grillages  which, 
in  turn,  are  supported  on  timber  piles,  all  foundations  being  constructed  in  1889. 

The  deepening  of  the  channels  from  the  original  16  ft.  to  the  present  20-lt. 
depth,  together  with  severe  erosion  of  stone  masonry  at  water  level  around  the 
entire  perimeter  of  each  of  the  3  piers,  made  reconstruction  necessary.  The  work 
was  accomplished  by  driving  steel  sheet  cofferdam  around  each  pier,  pumping 
out  to  river  bottom  and  cleaning  piles  and  timber  grillages  and  filling  cofferdam 
with  broken  stone  to  top  of  piles.  This  stone  fill  was  then  consolidated  by  means 
of  pressure  grouting  under  water.  The  heavy  timber  grillages  at  the  top  of  the 
piles  were  next  incased  with  poured  concrete  and  the  stone  masonry  portion  of 
piers  incased  with  reinforced  concrete.  The  interior  of  each  stone  pier  was  also 
consolidated  by  pressure  grouting. 

These  methods  of  reconstruction  resulted  in  very  stable  piers  which  once 
more  can  bear  the  train  loads  satisfactorily. 

2.  Pressure  grouting  has  also  been  successfully  used  for  stabilizing  foundations: 

(a)  By  consolidating  foundation  materials  in  place.  See  AREA  Proceedings, 
Vol.  41,  pp.  397,  398  (Dam  Foundations),  401  and  402  (C.&O.  ramp  at 
Charleston,  W.  Va.).  Also  Pressure  Grouting  of  Gas  Compressor  Station  in  "Con- 
crete for  Railways",  Vol.  6,  No.  2,  pp.  9  to  12,  inclusive. 

(b)  On  New  York  Central  R.R.,  New  York  and  Ottawa  Bridge  S7-A  over 
the  St.  Lawrence  river,  the  north  pier  between  the  river  and  the  Welland  canal, 
supporting  the  north  cantilever  arm  of  one  of  the  long  river  spans,  was  found  to 
be  tipping  toward  the  river.  It  is  a  stone  faced  concrete  pier  65  ft.  high  with  a 
base  course  16  ft.  by  40  ft.  by  3  ft.  deep,  supported  on  a  pile  foundation  in  clay 
soil.  There  were  16  rows  of  7  piles  each  capped  by  12  in.  by  12  in.  timbers  which 
carried  a  double  layer  of  12  in.  by  12  in.  timbers.  Investigation  showed  soil  under 
foundation  was  about  3  in.  below  the  top  of  caps,  leaving  the  entire  load  to  be 
carried  by  the  area  of  the  piles  supporting  the  caps.  All  of  these  openings  were 
filled  with  grout  with  the  result  that  the  pier  seems  much  more  stable. 

3.  Denver  &  Salt  Lake  Ry.  Tunnel  lining  program — reported  by  Railway  Engineering 
and  Maintenance,  October  1942. 

Exclusive  of  the  Moffat  Tunnel  6.21  miles  long  constructed  in  1923-1928 
which  was  completely  lined  with  concrete  in  the  years  1933  to  1936,  this  railroad 
has  a  total  of  23,838  lin.  ft.  of  single  track  tunnel  in  51  other  tunnels,  about 
11,490  lin.  ft.  of  which  are  already  lined  with  timber  consisting  of  heavy  sills, 
12  in.  by  12  in.  posts  spaced  as  required  and  a  5-segment  timber  arch  of  12  in. 
by  12  in.,  lagged  where  necessary  with  3-in.  plank  of  native  pine  and  packed  with 
stone  or  timber.  12  in.  by  12  in.  timbers  are  Oregon  fir  and  spark  arrester  planks 
of  redwood. 

General  practice  in  replacement  work  is  to  install  only  concrete  side  wall 
footings  where  necessary  on  account  of  decay  in  sills  and  posts,  with  the  intention 
of  installing  complete  concrete  lining  when  required.  Thus  the  benefit  of  the 
normal  life  of  the  sound  timber  is  secured,  probably  extending  the  life  of  the 
remaining  timber  by  at  least  three  years.  (This  constitutes  a  continuing  and 
economical  program  of  repair,  maintenance  and  replacement,  with  maximum  use 
of  existing  work  and  minimum  requirements  for  new  materials  and  minimum 
interference  with  traffic.) 
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To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 
No  report. 

2.  Extent  of  adherence  to  specifications. 

Progress  report — presented  as  information  below. 

3.  Substitutes  for  wood  ties. 
No  report. 

4.  Tie  renewals  and  costs  per  mile  of  maintained  track. 

Progress  report — presented  as  information    page  436 

5.  Cause  and  control  of  splitting  in  railroad  ties. 

Progress  report — presented  as  information    page  437 

The  Committee  on  Ties, 

John  Foley,  Chairman. 


Report  on  Assignment  2 

Extent  of  Adherence  to  Specifications 

VV.  D.  Simpson  (chairman,  subcommittee),  R.  S.  Belcher,  T.  E.  Bliss,  W.  C.  Bolin, 
W.  H.  Brameld,  H.  F.  Brown,  W.  J.  Burton,  F.  G.  Campbell,  R.  L.  Cook,  E.  J. 
Cullen,  H.  R.  Duncan,  W.  E.  Gardner,  B.  D.  Howe,  C.  T.  Jackson,  Paul  Lowe, 
Roy  Lumpkin,  R.  B.  Midkiff,  E.  F.  Salisbury,  Raymond  Swenk,  Sverre  Thorvaldson, 
C.  D.  Turley,  A.  W.  White. 

This  is  a  progress  report,  presented  as  information. 

Under  the  emergency  conditions  existing  during  1942,  the  committee  did  not  feel 
justified  in  making  inspection  trips  to  observe  the  extent  of  adherence  to  specifications 
as  has  been  its  past  practice. 

Reports  from  the  country  generally,  indicate  subnormal  production  of  ties  in  many 
sections,  and  in  some  localities  the  shortage  may  reach  serious  proportions.  The  present 
curtailed  production  is  due  to  the  shortage  of  men  to  make  ties,  and  of  trucks  to  trans- 
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port  them  out  of  the  woods.  Price  regulation  uncertainties  also  have  contributed  con- 
siderably to  reducing  the  output.  Effort  should  be  made  to  encourage  the  production  of 
ties  in  every  way  practical,  for  in  addition  to  increased  maintenance  needs,  there  have 
been  unanticipated  large  demands  for  new  trackage  to  reach  and  serve  military  estab- 
lishments. 

The  present  shortage  of  ties  increases  competition  for  them  and  presents  a  tempta- 
tion to  depart  from  approved  standards;  however,  from  reports  to  date  the  acceptance 
of  inferior  ties  is  not  so  prevalent  as  in  former  periods  of  scarcity.  The  existence  of  a 
definite  standard  and  its  adoption  in  actual  practice  have  made  departure  from  it  less 
easy  than  heretofore.  The  fixing  of  prices  prevents  competition  on  any  other  basis  than 
inspection. 

Lowered  Standards  Do  Not  Increase  Production 

The  problems  presented  by  lessened  production  cannot  be  satisfactorily  met  by 
lowering  standards,  for  that  does  not  hasten  the  production  or  increase  the  quantity  of 
ties;  it  only  lowers  the  average  life  and  the  quality  of  service  of  all  the  ties  in  a  given 
stretch  of  track.  The  present  volume  and  character  of  traffic  needs  the  support  of  a 
substantial  tie  condition  that  can  be  produced  most  economically  by  the  use  of  longlived 
sound  ties. 

Your  committee  recommends  vigilance  to  maintain  the  standards  to  which  the 
Association  has  adhered  over  a  period  during  which  they  have  demonstrated  their 
effectiveness. 

Some  railroads  have  not  used  every  wood  available  in  their  territory  which  is  listed 
in  the  standard  specifications  as  suitable  for  use  as  a  tie.  Some  railroads  do  not  use  as 
switch  ties  all  the  woods  they  use  as  crossties.  Utilization  of  every  kind  of  wood  will 
augment  the  supply  during  any  period  of  shortage. 

Closer  adherence  to  recommended  practice  in  the  handling  of  ties  will  lengthen  their 
life  and  by  thus  reducing  the  demand  make  less  grievous  any  shortage  which  may  develop. 


Report  on  Assignment  4 
Tie  Renewals  and  Costs  per  Mile  of  Maintained  Track 

John  Foley  (chairman,  subcommittee),  S.  B.  Clement. 

The  data  regarding  crosstie  renewals  reported  to  the  Interstate  Commerce  Commis- 
sion by  railroads  in  the  United  States  and  to  this  Association  by  the  railroads  in  Canada 
are  presented  in  the  folded  inserts  (Tables  A  and  B  for  1941  statistics  and  Table  C  for 
the  last  five  years  and  the  average  of  them) .  To  make  this  information  available  as  soon 
as  practicable,  it  was  given  advance  publication  in  Bulletin  432,  June-July,  1942. 

Knowledge  of  conditions  and  practices  on  individual  railroads  is  required  for  an 
understanding  of  the  differences  in  costs  and  quantities  which  appear  in  the  tables.  The 
former  are  influenced  by  charges  which  do  not  correspond  in  character  on  every  railroad, 
as  outlined  in  the  1929  and  1941  Proceedings.  However,  few  railroads  renew  more  than 
ten  percent  of  their  ties  per  year,  and  the  majority  average  more  than  20  years  of  service 
from  their  ties. 
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Report  on  Assignment  5 

Cause  and  Control  of  Splitting  in  Railroad  Ties 

R.  E.  Butler  (chairman,  subcommittee),  R.  S.  Belcher,  T.  E.  Bliss,  W.  C.  Bolin,  W.  H. 
Brameld,  H.  F.  Brown,  W.  J.  Burton,  F.  G.  Campbell,  S.  B.  Clement,  R.  L.  Cook, 
E.  J.  Cullen,  H.  R.  Duncan,  W.  E.  Gardner,  W.  R.  Gillam,  B.  D.  Howe,  C.  T. 
Jackson,  J.  E.  Lockhart,  Paul  Lowe,  Roy  Lumpkin,  R.  B.  Midkiff,  E.  F.  Salisbury, 
Raymond  Swenk,  C.  D.  Turley,  A.  W.  White. 

This  is  a  progress  report  presented  as  information. 

Necessary  restriction  of  travel  due  to  transportation  conditions  and  pressure  of  work 
at  home  stations  prevented  field  observations  of  the  seasoning  behavior  of  ties  during 
1942  by  the  committee  as  a  whole. 

Its  individual  members  and  all  others  concerned  with  the  condition  of  their  ties  have 
generally  been  given  an  opportunity  to  see  again  the  extent  to  which  unironed  hardwood 
ties  split,  as  a  result  of  War  Production  Board  Conservation  Order  M-126,  which  until 
amended  banned  the  production  of  anti-splitting  irons.  In  consequence  of  their  inability 
to  obtain  such  irons  during  the  fortunately  short  period  this  item  of  steel  saving  was  in 
effect,  railroads  and  suppliers  of  ties  were  unable  to  take  their  usual  steps  to  prevent 
splitting. 

The  basis  for  the  ban  on  the  manufacture  of  anti-splitting  irons  was  the  reasoning 
that  "the  advantages  from  the  tie  irons  will  not  be  realized  until  from  two  to  ten  years 
after  the  ties  are  applied,  while  the  iron  and  steel  involved  is  needed  now  in  the  direct 
military  program"  and  the  hope  "that  by  the  time  the  economic  loss  is  felt  through  the 
lack  of  the  tie  irons,  the  whole  problem  of  material  conservation  will  not  be  a  matter  of 
life  and  death." 

Would  Reduce  Supply  of  Ties 

Unfortunately,  the  economic  loss  would  not  be  postponed.  The  non-use  of  anti- 
splitting  devices  would  reduce  the  supply  of  ties,  which  promises  to  be  inadequate  at 
the  present  rate  of  production.  Suppliers  who  have  delivered  seasoned  ties  in  the  past 
would  not  continue  to  do  so  unless  railroads  pay  the  higher  prices  for  acceptable  ties 
required  to  compensate  for  the  ties  rendered  unsalable  by  splitting.  Railroads  would  have 
to  absorb  the  loss  resulting  from  the  splitting  of  ties  bought  unseasoned  and  carried  in 
railroad  stocks  until  ready  for  preservative  treatment. 

The  net  result  of  making  anti-splitting  devices  unobtainable  is  to  reduce  the  number 
of  ties  available,  increase  the  first  cost  of  whatever  ties  are  used,  and  raise  the  annual 
cost  of  ties  in  track. 

The  essentiality  for  economical  railroad  maintenance  and  operation  of  devices  to 
prevent  losses  of  material  and  serviceability  in  ties  and  timbers,  is  evidenced  by  the  fact 
that  AREA  recommended  practice  provides  for  the  use  of  anti-splitting  irons  in  hardwood 
ties  and  supplies  standard  specifications  for  the  chemical  composition,  cross  section,  and 
form  of  irons  made  from  strip  steel. 

Devices  to  prevent  ties  from  splitting  as  the  result  of  the  stresses  due  to  seasoning 
and  traffic  have  been  in  use  for  about  50  years.  During  the  past  30  years  their  applica- 
tion has  mounted  greatly  as  the  number  of  ties  given  preservative  treatment  has  increased. 

The  air  seasoning  of  ties  in  preparation  for  preservative  treatment  makes  anti- 
splitting  devices  necessary.  Without  them  hardwood  ties  split  to  such  an  extent  in  some 
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instances  as  to  make  the  ties  useless  before  they  are  sufficiently  seasoned  to  treat.  In 
other  cases  unironed  ties  split  enough  to  reduce  their  service  life  appreciably.  Unironed 
ties  that  have  split  before  being  placed  in  track  will  rapidly  undergo  additional  splitting 
under  traffic. 

Early  Application  Essential 

The  rapid  reduction  in  moisture  content  which  takes  place  during  the  first  few 
seasoning  months  after  ties  are  stacked  to  dry  is  responsible  for  the  start  of  splits.  If 
the  cleavage  is  not  retarded  then,  subsequent  ironing  is  more  expensive  and  not  equally 
effective.  It  is  to  stop  a  check  before  it  becomes  a  split  that  irons  are  driven  into  the 
ends  of  ties  as  they  are  stacked  to  season  or  as  soon  as  practicable  afterward. 

Under  normal  conditions  anti-splitting  devices  are  applied  to  ties  as  a  measure  of 
economy,  since  maintenance  of  way  officers  are  convinced  that  their  use  results  in  an 
appreciable  lengthening  of  the  life  of  ties.  Without  their  use  the  railroads  would  not  be 
able  to  realize  fully  the  added  life  assured  by  the  application  of  preservative  processes 
to  the  wood.  However,  in  the  face  of  the  conditions  which  now  confront  the  railroads, 
ability  to  continue  their  application  is  a  vital  factor  in  efforts  to  obtain  an  adequate 
number  of  usable  ties  to  maintain  the  tracks  in  condition  to  handle  the  enormous  volume 
of  traffic  imposed  by  the  war  effort. 

The  function  of  the  track  tie  is  to  transmit  the  load  imposed  by  the  rails  to  the 
ballast  and  through  it  to  the  roadbed.  Also,  through  the  spikes  driven  into  the  tie,  it 
serves  to  hold  the  rails  in  position.  For  these  reasons,  it  is  generally  recognized  that  the 
condition  of  the  crosstie  plays  a  more  important  part  in  determining  the  safety  of  the 
track  for  the  handling  of  traffic  than  any  other  element  of  the  track  structure.  Thus, 
during  the  severe  depression  of  the  1930's,  when  the  railroads  were  compelled  to  resort 
to  extreme  curtailment  of  their  expenditures  for  track  maintenance,  tie  renewals  always 
received  first  consideration. 

In  their  utilization  of  anti-splitting  devices,  railroads  can  contribute  to  the  conser- 
vation of  steel  by  ordering  only  the  minimum  serviceable  thickness  of  strip  (14  gage), 
by  using  only  the  shapes  of  irons  requiring  the  minimum  length  of  strip,  and  by  avoid- 
ing the  application  of  the  larger  sizes  of  irons  to  the  smaller  sizes  of  ties. 
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To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

1    Revision  of  Manual. 

Progress  report  embracing  temporary  emergency  revisions  of  specifications  and  elimi- 
nation of  certain  trackwork  plans  from   the  portfolio   and   revision  of  the  table  of 

speeds  through   turnouts    page  440 

2.  Fastenings  for  continuous  welded  rail,  collaborating  with  Committee  4 — Rail. 
Progress  report — presented  as  information    page  450 

3.  Plans  and  specifications  for  track  tools,  including  their  repair  and  reclamation,  and 
recommended  minimum  limits  for  reclaimed  tools,  collaborating  with  Committees  1 
— Roadway  and  Ballast,  and  22 — Economics  of  Railway  Labor,  and  with  Purchases 
and  Stores  Division,  AAR. 

Progress  report — presented  as  information   page  451 

4.  (a)  Plans  for  switches,  frogs,  crossings,  spring  and  slip  switches,  collaborating  with 
Signal  Section,  AAR. 

No  report — work  is  in  progress  on  the  design  of  spring  switches  and  on  improvements 
in  the  design  of  manganese  insert  turnout  frogs. 

(b)  Track  construction  in  paved  streets,  collaborating  with  Committee  9 — Highways. 
No  report. 

5.  Prevention  of  damage  due  to  brine  drippings  on  track  and  structures,  collaborating 
with  Mechanical  Division,  AAR. 

Progress  report — presented  as  information    page  452 
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6.  Design  of  tie  plates  for  RE  rail  sections  as  developed,  collaborating  with  Committees 
3— Ties,  and  4 — Rail. 

Progress  report,  embracing  emergency  designs  of  tie  plates  presented  as  information 
under  Assignment   1    page  443 

7.  Welding  of  manganese  castings  in   special   trackwork,   collaborating   with   Committee 
27 — Maintenance  of  Way  Work  Equipment. 

Progress  report — presented  as  information   page  453 

8.  Bolt  tension  necessary  for  proper  supporting  of  rail  joints. 

Progress  report — presented  as  information   page  473 

9.  Report  on  special  assignment — testing. 

No  report. 

The  Committee  on  Track, 

W.  G.  Arn,  Chairman. 


Report  on  Assignment  1 
Revision  of  Manual 


M.  J.  T.  Zeeman  (chairman,  subcommittee),  L.  L.  Adams,  C.  W.  Breed,  Armstrong 
Chinn,  H.  R.  Clarke,  J.  A.  Ellis,  R.  A.  Gravelle,  E.  T.  Howson,  J.  H.  Kelly,  J.  de 
N.  Macomb,  I.  H.  Schram,  J.  G.  Wishart. 

Your  committee  recommends  the  following  revision  of  the  Manual: 

Page  5-34: 

Under  "Speeds  of  Trains  Through  Level  Turnouts"  delete  the  first  tabulation 
headed  "Turnouts  With  Straight  Switch  Points  (AREA)"  and  in  lieu  thereof  insert  the 
following  tabulation: 

Turnouts  with  Straight  Switch  Points  (AREA) 

Turnout  Length  of 
Number                                                    Switch  Points 

5 ll'-O" 

6 ll'-O" 

7     16'~6" 

8     16'-6" 

9     16'~6" 

10 16'-6" 

11     22'-0" 

12     22'-0" 

14     22'-0" 

15     30'-0" 

16     30'-0" 

18     30'-0" 

20     30'~0" 

The  above  revision  is  recommended  in  order  to  show  permissible  speeds  through 
equilateral  turnouts  with  straight  switch  points.  While  not  definitely  stated  in  the  Manual, 
the  speeds  shown  in  the  present  tabulation  are  for  lateral  turnouts. 


Speed  in  Miles  per  Hour 

Lateral 

Equilateral 

Turnouts 

Turnouts 

12 

14 

16 

19 

21 

21 

29 

27 

38 

28 

39 

28 

39 

37 

52 

38 

53 

38 

53 

38 

53 
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Glossary,  Page  51: 

Retain  the  definition  of  Turnout  as  now  shown,  adding  the  following  thereunder: 

Lateral — A  turnout  in  which  the  diversion  due  to  the  angle  of  the  turnout  is  entirely 

on  one  side  of  the  track  from  which  the  turnout  is  made. 
Equilateral — A  turnout  in   which   the  diversion   due   to   the  angle   of   the  turnout  is 

divided  equally  between  the  two  tracks. 


The  committee  also  submits  the  following: 

In  the  interest  of  conservation  of  critical  materials  and  simplification  of  design, 
special  meetings  of  a  necessarily  restricted  number  of  committee  members  have  been 
held  in  order  to  consider  what  temporary  amendments  in  some  specifications  or  designs 
would  be  most  helpful  and  necessary  for  the  war  effort.  The  recommendations  of  these 
special  subcommittees  of  the  Track  Committee  have  been  adopted  by  the  Emergency 
Committee  representing  the  Board  of  Direction.  As  a  matter  of  record,  these  Emergency 
Provisions  are  presented  for  information,  and  are  as  follows: 

Emergency  Provisions  Adopted  March  19,  1942 

AMERICAN  RAILWAY  ENGINEERING  ASSOCIATION 

Construction  and  Maintenance  Section 

ASSOCIATION  OF  AMERICAN  RAILROADS 

COMMITTEE  5 
TRACK 


SPECIFICATIONS  FOR  MEDIUM-CARBON  STEEL  TIE  PLATES* 

1942 

The  requirements  of  this  emergency  specification  are  covered  by  the  specifications 
shown  on  AREA  Manual  pages  5-1  to  5-3  inclusive,  with  the  following  change: 

II  Chemical  Properties  and  Tests 

In  Section  201,  eliminate  paragraph  (d)  Copper  reading:  "When  copper  is  specified, 
the  percentage  contained  in  the  steel  shall  be  not  less  than  0.20  of  1  percent." 

SPECIFICATIONS  FOR  HIGH-CARBON  STEEL  TRACK  SPIKES 

1942 

The  requirements  of  this  emergency  specification  are  covered  by  the  specifications 
shown  on  AREA  Manual  pages  5-11  and  5-12  inclusive,  with  the  following  change: 


*  Superseded   by   Emergency    Specifications    for   Soft   Steel    and    Medium    Steel   Tie    Plates   Adopted 
December  31,  1942.  (See  page  448.) 
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II  Chemical  Properties  and  Tests 

Eliminate  Section  203.  Copper  Content,  reading:  "When  copper  is  specified  by  the 
Purchaser,  the  percentage  contained  in  the  steel  shall  not  be  less  than  0.20  of  1  percent." 


SPECIFICATIONS  FOR  HOT-WORKED,  HIGH-CARBON  STEEL 

TIE  PLATES 

1942 

The  requirements  of  this  emergency  specification  are  covered  by  the  specifications 
shown  on  AREA  Manual  pages  5-14.1  and  5-14.2  inclusive,  with  the  following  changes: 

II  Chemical  Properties  and  Tests 

In  Section  201,  delete  reference  to  copper  content  reading  as  follows:  "Copper,  when 
specified,  minimum  percent   ; 0.20." 

In  Section  202,  delete  the  clause  following  semi-colon  in  second  sentence,  viz.,  "also 
copper  when  copper  steel  is  specified." 


SPECIFICATIONS  FOR  SOFT  STEEL  CUT  TRACK  SPIKES 

1934 

The  requirements  of  this  emergency  specification  are  covered  by  the  specifications 
shown  on  AREA  Manual  pages  5-15  and  5-16  inclusive,  with  the  following  change: 

II  Chemical  Properties  and  Tests 

Delete  Section  203.  Copper  Content,  reading  as  follows:  "When  copper  is  specified, 
the  percentage  contained  in  the  steel  shall  be  not  less  than  0.20  of  1  percent." 


TRACKWORK  PLANS 

Attention  is  directed   to   the  recommendation   of  the   Committee  on  Track  dated 
March  19,  1942,  to  the  effect  that: 

1.  The  use  of  the  following  plans  be  suspended  for  the  duration  of  the  war: 
Plan  220-42  Manganese  Steel  Points  for  Split  Switches. 

503-40  Guard  Rails,  Tee  Rail  Design,  With  Planed  Flares  and  Canted 

Plates. 
773-40  Solid  Manganese  Steel  Crossings — Angles  40° — 25°,  incl. 

774-41  Crossings  with  Solid  Manganese  Steel  Frogs — Angles  Below  25°  and 
Above  14°  15'. 

775-41  Crossings  with  Solid  Manganese  Steel  Frogs — Angles  14°   15'  to 
8°  1C,  incl. 

983-35  Solid  Manganese  Steel  Frogs  for  7"  and  9"  Girder  Rails. 


Track 443 

2.  The  portion  of  Plan  821-42  showing  Rail  Bound  and  Solid  Manganese  Steel 
Knuckle  Rails  be  suspended  for  the  duration  of  the  war. 

3.  The  title  of  Plan  772^0  be  revised  to  read  "Solid  Manganese  Steel  Crossings, 
Angles  Below  60°  to  45 °"  for  the  duration  of  the  war. 


Emergency  Provisions  Adopted  June  15,  1942 

DESIGNS  FOR  TIE  PLATES* 

As  manufacturers  have  equipment  for  producing  a  number  of  tie  plate  sections 
for  use  with  each  of  various  rails,  it  would  be  wasteful  not  to  use  existing  equipment 
during  the  present  emergency.  If  production  were  confined  to  a  single  tie  plate  section 
for  each  rail,  some  manufacturers  would  require  additional  equipment  to  produce  the 
one  section  in  sufficient  quantity. 

When  existing  equipment  for  the  production  of  tie  plates  for  112-lb.  and  131-lb. 
rail  is  no  longer  available,  or  the  production  of  a  specific  design  of  tie  plate  for  either 
of  these  rail  sections  would  interfere  with  the  war  effort,  tie  plates  of  the  following 
characteristics  shall  be  provided: 

Cant  of  approximately  1  in  40 
Eccentricity  of  Yz  in. 
Double  shoulders 

Flat  rail  seat  (without  crown  or  bevels) 
Flat  bottom 

Shoulder  extensions  with  sloping  top  surfaces 
Length  for  use  with  131-lb.  rail  to  be  either  12  in.  or  14  in. 
Length  for  use  with  112-lb.  rail  to  be  either  11  in.  or  13  in. 
Thickness  under  the  outside  shoulder  to  be   y5  of  the  length  of  the  outside 
shoulder  extension  to  the  next  larger  g"2  in. 

Tie  plates  for  127-lb.  and  152 -lb.  rails  shall  be  furnished  according  to  the  one 
prevailing  design  of  tie  plate  for  each  of  these  two  sections  of  rail. 

As  only  a  comparatively  small  number  of  tie  plates  are  needed  for  use  with  rails 
weighing  100  lb.  per  yard  or  less,  and  as  the  manufacturers  have  rolls  for  these  plates, 
it  is  recommended  that  their  use  be  continued.  However,  if  this  practice  should  interfere 
with  the  war  effort,  it  is  recommended  that  alternate  designs  be  substituted. 


Drawings  of  tie  plates  for  112-lb.  and  131-lb.  rail  conforming  with  the  characteristics 
specified  in  the  above  Emergency  Provisions  appear  on  following  pages.  Specifications 
for  tie  plates  referred  to  on  these  drawings  are  subject  to  Emergency  Provisions  pro- 
hibiting the  use  of  copper-bearing  steel  dated  March  19,  1942. 


*  These  Emergency  Provisions  comprise  amendments  of  that  portion  of  the  AREA  Manual  under 
the  heading  "Design  of  Tie  Plates  for  RA-A  and  RE  Rail  Sections,"  which  appears  on  pages  5-5  to 
5-10  inclusive. 
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Emergency  Specifications  Adopted  December  31,  1942 

EMERGENCY  SPECIFICATIONS  FOR  SOFT  AND  MEDIUM 

STEEL  TIE  PLATES 

1942 

(These  specifications  supersede  for  the  duration  of  the  emergency  the  Specifications 
for  Medium-Carbon  Steel  Tie  Plates  adopted  1942.)* 

These  specifications  cover  two  grades  of  steel  tie  plates,  namely,  soft  and  medium. 
The  soft  grade  will  be  used  unless  otherwise  specified. 

I  MANUFACTURE 
101.  Steel  may  be  made  by  the  Bessemer  or  by  the  Open-Hearth  process,  or  by  both. 

II  CHEMICAL  PROPERTIES  AND  TESTS 

201.  (a)  The  steel  shall  conform  to  the  following  requirements  as  to  chemical  compo- 
sition: 

(b)  Phosphorus 

Bessemer — not  over  0.10  percent. 
Open-Hearth — not  over  0.05  percent. 

(c)  Carbon 

Unless  otherwise  specified,  the  material  will  be  furnished  according  to 
chemical  composition  only,  in  which  case  the  minimum  carbon  shall  be  as 
follows: 

Bessemer — soft  grade — not  under  0.08  percent. 

Bessemer — medium  grade — not  under  0.12  percent. 

Open-Hearth — soft  grade — not  under  0.15  percent. 

Open-Hearth — medium  grade — not  under  0.20  percent. 

202.  A  carbon  determination  shall  be  made  of  each  melt  of  Bessemer  steel,  and  three 
analyses  every  24  hours  representing  the  average  of  the  elements  carbon  and  phosphorus 
contained  in  the  steel,  one  for  each  8-hour  turn,  respectively.  These  analyses  shall  be 
made  from  drillings  taken  at  least  TA  inch  beneath  the  surface  of  a  test  ingot  obtained 
during  the  pouring  of  the  melts.  The  chemical  composition  thus  determined  shall  be 
reported  to  the  purchaser  or  his  representative  and  shall  conform  to  the  requirements 
specified  in  Section  201. 

203  An  analysis  of  each  melt  of  open-hearth  steel  shall  be  made  by  the  manufacturer 
to  determine  the  percentages  of  carbon  and  phosphorus.  This  analysis  shall  be  made  from 
drillings  taken  at  least  Y%  inch  beneath  the  surface  of  a  test  ingot  obtained  during  the 
pouring  of  the  melt.  The  chemical  composition  thus  determined  shall  be  reported  to  the 
purchaser  or  his  representative  and  shall  conform  to  the  requirements  specified  in 
Section  201. 

204.  An  analysis  may  be  made  by  the  purchaser  from  a  finished  tie  plate  representing 
each  melt  of  open-hearth  steel,  and  each  melt  or  lot  of  10  tons  of  Bessemer  steel.  The 
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carbon  content  thus  determined  shall  not  be  less  than  that  specified  in  Section  201,  and 
the  phosphorus  content  shall  not  exceed  that  specified  in  Section  201  by  more  than  25 
percent. 

Ill  PHYSICAL  PROPERTIES  AND  TESTS 

301.  The  bend  test  specimens  specified  in  Section  302  shall  bend  cold  through  180 
degrees  around  a  pin,  the  diameter  of  which  is  equal  to  the  thickness  of  the  specimen 
for  the  soft  grade,  and  to  twice  the  thickness  of  the  specimen  for  the  medium  grade, 
without  cracking  on  the  outside  of  the  bent  portion. 

302.  Bend  test  specimens  shall  be  taken  from  the  finished  tie  plates,  or  from  the  rolled 
bars,  and  longitudinally  with  the  rolling.  They  shall  be  rectangular  in  section,  not  less 
than  1/2  inch  in  width  between  the  planed  sides,  and  shall  have  two  faces  as  rolled. 
They  shall  be  free  from  ribs  or  projections.  Where  the  design  of  the  tie  plates  is  such 
that  the  specimen  cannot  be  taken  between  the  ribs  or  projections,  those  ribs  or  pro- 
jections shall,  in  preparing  the  specimen,  be  planed  off  even  with  the  main  surface  of 
the  tie  plate. 

303.  If  preferred  by  the  manufacturer  and  approved  by  the  purchaser,  the  following 
bend  test  may  be  substituted  for  that  described  in  Section  301: 

A  piece  of  the  rolled  bar  shall  bend  cold  through  90  degrees  around  a  pin 
the  diameter  of  which  is  equal  to  the  thickness  of  the  section  where  bent  for  the 
soft  grade,  and  to  twice  the  thickness  of  the  section  where  bent  for  the  medium 
grade,  without  cracking  on  the  outside  of  the  bent  portion. 

304.  (a)  One  bend  test  shall  be  made  from  each  melt  of  open-hearth  steel,  or  from  each 
melt  or  lot  of  10  tons  of  Bessemer  steel. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  it  may  be 
discarded  and  another  specimen  substituted. 

IV  WORKMANSHIP  AND  FINISH 

401.  The  tie  plates  shall  conform  to  the  dimensions  specified  by  the  purchaser,  with  the 
following  permissible  variations: 

(a)  For  tie  plates  with  shoulders  parallel  to  the  direction  of  rolling,  a  variation  of 
fa  inch  over  or  fa  inch  under  in  thickness,  %  inch  over  or  Y%  inch  under  in  rolled 
width,  and  &  inch  over  or  &  inch  under  in  sheared  length. 

(b)  For  tie  plates  with  rolled  crown,  a  variation  of  fa  inch  over  or  fa  inch  under 
in  thickness,  A  inch  over  or  fs  inch  under  in  rolled  width,  and  %  inch  over  or  J4  incn 
under  in  sheared  length. 

(c)  A  variation  of  0.025  inch  over  or  0.025  inch  under  in  flatness  of  rail  seat. 

(d)  A  variation  of  -fa  inch  over  the  minimum  dimension  specified  for  distance 
between  the  shoulders  of  double  shoulder  tie  plates. 

(e)  A  variation  of  fa  inch  over  or  fa  inch  under  in  the  location  of  spike  holes  and 
in  the  length  or  width  of  their  sides. 

402.  The  tie  plates  shall  be  smoothly  rolled,  true  to  templet,  and  free  from  injurious 
warp  and  other  imperfections  in  surface  and  projecting  fins  of  metal  caused  by  shearing 
and  punching. 

403.  Tie  plates  shall  be  paid  for  on  the  basis  of  actual  weight  as  applied  to  the  entire 
order,  except  that  payment  shall  not  be  made  for  any  weight  in  excess  of  3  percent  over 
the  weight  calculated  from  the  specified  dimensions. 
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V  MARKING 


501.  The  name  or  brand  of  the  manufacturer,  the  section,  and  the  year  of  manufacture 
shall  be  rolled  in  raised  letters  and  figures  on  the  outside  of  the  shoulder  of  the  plates, 
and  a  portion  of  this  marking  shall  appear  on  each  finished  tie  plate. 

VI  INSPECTION 

601.  The  inspector  representing  the  purchaser  shall  have  free  entry  at  all  times  while 
work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufac- 
turer's works  which  concern  the  manufacture  of  the  tie  plates  ordered.  The  manufac- 
turer shall  afford  the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that 
the  tie  plates  are  being  furnished  in  accordance  with  these  specifications.  All  tests  (except 
check  analyses)  and  inspection  shall  be  made  at  the  place  of  manufacture  prior  to  ship- 
ment, unless  otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfere  unneces- 
sarily with  the  operation  of  the  works. 

602.  Unless  otherwise  specified,  any  rejections  based  on  tests  made  in  accordance  with 
Section  204  shall  be  reported  within  5  working  days  from  the  receipt  of  samples. 

603.  Tie  plates  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  manu- 
facturer's works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

604.  Samples  tested  in  accordance  with  Section  204,  which  represent  rejected  tie  plates, 
shall  be  preserved  for  2  weeks  from  the  date  of  the  test  report.  In  case  of  dissatisfaction 
with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within 
that  time. 


Report  on  Assignment  2 

Fastenings  for  Continuous  Welded  Rail 

Collaborating  with  Committee  4 — Rail 

C.  W.  Baldridge  vchairman,  subcommittee),  Lcm  Adams,  L.  L.  Adams,  A.  L.  Bartlett, 
W.  S.  Boyce,  O.  U.  Cook,  E.  D.  Cowlin,  H.  F.  Fifield,  H.  H.  Harman,  N.  M.  Hench, 
E.  T.  Howson,  J.  de  N.  Macomb,  G.  M.  Magee,  E.  E.  Martin,  J.  A.  Reed,  R.  E. 
Sampson,  G.  J.  Slibeck,  C.  R.  Strattman,  R.  P.  Winton. 

This  report,  presented  as  information,  covers  one  phase  of  a  subject  that  has  been 
assigned  to  two  committees. 

In  test  installations  of  continuous  welded  rail  various  forms  of  fastenings  have  been 
used  as  follows:  Double-shouldered  tie  plates  with  spring  clips  and  screw  spikes,  double- 
shouldered  plates  with  rigid  clips  and  screw  spikes  and  double-shouldered  plates  with 
cut  spikes  without  clips  but  supplemented  by  rail  anchors.  In  some  short  installations 
such  as  through  station  grounds  and  crossings,  fastenings  standard  on  the  road  involved 
have  been  used  notwithstanding  the  omission  of  joint  bars  and  bolts  and  nut  locks.  It  is 
clear,  therefore,  that  practically  every  kind  of  fastening  of  the  rails  to  the  ties  has  been 
used  in  some  of  the  numerous  installations  of  continuous  rail. 

A  prevailing  condition  which  serves  as  a  test  of  fastenings  for  continuous  rail  is  the 
fact  that  large  numbers  of  rail  joints  are  bolted  so  tightly,  especially  where  bolting 
machines  are  used  in  applying  or  in  retightening  jiint  bolts,  that  no  slip  of  the  rails 
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through  the  joint  bars  occurs.  In  investigating  joint  bolt  failures,  where  all  bolts  in  one 
end  of  a  joint  have  broken  in  severe  cold  weather,  it  has  been  found  that  from  3  to  IS 
or  more  adjacent  joints  were  so  tightly  bolted  that  no  slip  through  the  bars  had  occurred. 
Those  joints  were  "frozen"  and  thus  constituted  continuous  rail  as  effectively  as  if  they 
had  been  welded.  This  condition  indicates  that  many  railways  have  considerable  amounts 
of  continuous  rail  in  service  without  realizing  it.  In  hot  weather  all  rails,  if  they  were 
laid  in  accordance  with  AREA  expansion  tables  should  be  in  contact  at  each  joint,  and 
in  cold  weather  they  should  show  some  opening  between  rail  ends.  Rail  ends  which  show 
an  opening  in  hot  weather  and  those  which  are  tight  together  in  cold  weather,  are,  in 
most  cases,  "frozen." 

Normal  slip  of  the  rails  through  the  joint  bars  will  result  in  a  bright  surface  on  the 
top  of  the  bar  at  its  center  where  the  joint  stands  open  and  a  break  in  the  rust  at  an 
end  of  the  bar  when  it  is  closed.  Even  in  cold  weather  some  joints  which  stand  open 
will  not  show  any  sign  of  movement  having  taken  place,  even  if  examined  with  a  flash- 
light or  by  sunlight  reflected  into  the  gap  with  a  mirror,  but  such  joints  are  "frozen'' 
and  will  act  the  same  as  would  welded  rails. 

Some  cases  of  sun-kink  or  buckling  of  track  have  been  reported  in  welded  rail 
installations,  but  they  are  apparently  no  more  frequent  than  in  bolted  joint  track.  In  the 
cases  reported,  the  track  kinked  bodily  just  as  it  does  when  jointed  track  buckles.  That 
the  sun-kinks  reported  were  not  due  to  ihe  type  of  fastenings  used  is  indicated  by  the 
fact  that  the  rails  remained  in  their  relative  positions  and  took  the  ties  with  them  just 
as  in  the  case  of  sun-kinks  of  jointed  track.  Therefore,  the  sun-kinks  could  not  be  due 
to  the  kind  of  fastenings  used  but  might  be  due  to  lack  of  rail  anchors. 

The  modern  use  of  heavier  rails,  tie  plates,  rail  anchors  and  better  ties  has  greatly 
reduced  and,  in  fact,  almost  eliminated  spread  rails  and  sun-kinks  in  jointed  track.  Con- 
tinuous welded  rails,  if  anchored,  should  be  even  more  resistant  to  such  occurrences. 

Conclusions 

As  the  test  installations  of  continuous  welded  rail  have  increased,  their  performance 
increasingly  indicates  that  the  same  kind  of  fastenings  which  have  been  found  most 
successful  in  jointed  rail  tracks  are  dependable  for  use  in  continuous  welded  rail  tracks. 


Report  on  Assignment  3 

Plans  and  Specifications  for  Track  Tools  Including  Their  Repair 

and  Reclamation,  with  Recommended  Minimum  Limits 

for  Reclaimed  Tools 

Collaborating  with  Committees  1 — Roadway  and  Ballast,  22 — Economics  of 
Railway  Labor  and  with  Purchases  and  Stores  Division,  AAR 

J.  H.  Kelly  (chairman,  subcommittee'),  E.  W.  Caruthers,  W.  E.  Cornell,  L.  W.  Des- 
lauriers,  J.  A.  Ellis,  J.  W.  Fulmer,  R.  A.  Gravelle,  E.  T.  Howson,  F.  J.  Jerome, 
E.  E.  Martin,  J.  B.  Myers,  C.  J.  Rist,  W.  L.  Roller,  I.  H.  Schram,  G.  M.  Strachan, 
Hermann  von  Schrenk. 

This  report  is  submitted  as  information. 

For  the  present  your  committee  is  directing  its  attention  to  that  portion  of  its 
assignment  relating  to  means  of  making  repairs  to  track  tools  to  keep  them  in  service- 
able condition  until  they  are  worn  to  the  limits  indicated  on  the  plans. 
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As  a  matter  of  procedure,  it  was  felt  best  to  group  similar  tools  that  naturally  would 
be  handled  in  the  same  or  like  manner  when  repairs  were  being  made,  and  your  com- 
mittee offers  the  following  for  comments,  suggestions  and  criticisms: 

Clay  and  Tamping  Picks. — Draw  out,  dress  ends  and  heat  treat  by  eye.  New 
tamping  ends  may  be  welded  on  tamping  picks. 

Spike  Mauls  and  Sledges. — Redress  by  grinding,  test  for  cracks. 
Lining  and  Tamping  Ban  —  Draw  out,  dress  ends  and  heat  treat  by  eye. 
Track   and   Carpenter   Adzes. — Recondition   by    grinding   only   and    test    for 
cracks. 

Track  Chisels — Designs  1  and  2. — Redress  by  grinding,  test  for  cracks. 
Tie  Plug  and  Track  Punches. — If  carbon  steel  redress,  grind  and  heat  treat  by 
eye.  If  alloy  steel  redress  by  grinding  and  test  for  cracks. 
Track  Shovels. — Rehandle  when  necessary.  Trim  edges. 


Report  on  Assignment  5 

Prevention  of  Damage  Due  to  Brine  Drippings  on 
Track  and  Structures 

Collaborating  with  Mechanical  Division,  AAR 

G.  M.  Magee  (chairman,  subcommittee),  W.  G.  Arn,  C.  W.  Baldridge,  H.  R.  Clarke, 
C.  T.  Jackson,  F.  J.  Jerome,  C.  R.  Strattman,  Hermann  von  Schrenk,  J.  G.  Wishart. 

This  is  a  report  of  progress  presented  as  information. 

In  preceding  reports,  various  laboratory  and  experimental  work  has  been  described 
which  was  aimed  at  developing  a  corrosion  inhibitor  to  be  added  to  the  salt  used  in 
refrigerator  cars  to  neutralize  the  corrosive  action  of  the  brine  drippings  upon  the 
equipment  and  the  track  and  bridge  structure.  It  was  found  that  a  small  quantity  of 
sodium  dichromate  and  soda  ash,  if  added  with  the  salt,  would  give  very  effective  pro- 
tection in  laboratory  tests  and  in  such  track  tests  as  it  was  practical  to  carry  out. 

Accordingly,  steps  were  then  taken  to  make  experimental  applications  of  the  inhibitor 
in  regular  service.  With  the  cooperation  of  the  Fruit  Growers  Express,  a  car  was  selected 
for  test  and  placed  in  service.  It  was  proposed  to  treat  one  end  of  the  car  on  each  nip 
with  salt  only  and  the  other  end  with  salt  and  inhibitor,  and  the  corrosive  effects  upon 
the  car  brine  tanks  and  understructure  were  to  be  observed  in  a  test  extending  over  a 
year.  However,  the  shipper  objected  to  use  of  the  inhibitor  because  of  its  toxicity  and 
it  was  not  possible  to  carry  out  the  test. 

The  entire  matter  was  then  referred  to  the  Medical  and  Surgical  Section,  AAR  for 
an  opinion  regarding  further  action  to  be  taken  in  view  of  the  toxic  nature  of  the  in- 
hibitor. After  reviewing  the  developments  to  date,  the  chairman  of  that  section  advised 
that  there  appeared  to  be  no  reason  why  the  inhibitor  could  not  be  safely  used  providing 
means  were  taken  to  separate  the  inhibitor  from  the  car  contents  so  no  contamination 
would  be  possible. 

The  matter  was  then  further  handled  with  several  of  the  refrigerator  car  companies 
and  it  was  found  that  the  only  practical  means  of  accomplishing  this  objective  is  to  add 
the  inhibitor  to  the  brine  drippings  after  the  brine  has  left  the  car  interior.  This  requires 
that  the  brine  drippings  be  passed  through  some  suitable  filter  to  pick  up  the  necessary 
inhibitor  concentration,  after  the  brine  leaves  the  car  interior,  but  before  it  is  discharged 
into  the  air.  Plans  have  been  made  for  experimental  applications  during  the  coming  year 
of  filters  for  this  purpose. 
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Report  on  Assignment  7 

Welding  of  Manganese  Castings  in  Special  Trackwork 

Collaborating  with  Committee  27 — Maintenance  of  Way  Work  Equipment 

F.  J.  Bishop  (chairman,  subcommittee) ,  Lem  Adams,  A.  L.  Bartlett,  T.  H.  Beebe,  E.  W. 
Caruthers,  Armstrong  Chinn,  H.  Q.  Day,  H.  H.  Harman,  W.  G.  Hulbert,  C.  T. 
Jackson,  F.  J.  Jerome,  G.  M.  Magee,  L.  I.  Martin,  F.  H.  Masters,  K.  R.  McLennan, 
R.  E.  Miller,  G.  A.  Peabody,  O.  C.  Rehfuss,  D.  B.  Rice,  C.  J.  Rist,  R.  E.  Sampson, 
I.  H.  Schram,  G.  L.  Sitton,  G.  J.  Slibeck,  H.  N.  West,  R.  P.  Winton,  M.  J.  T. 
Zeeman. 

The  following  is  a  progress  report,  presented  as  information,  of  an  investigation 
carried  on  by  the  engineer  of  tests,  C.  M.  St.  P.  &  P.  R.  R.,  in  cooperation  with  the 
research  engineer  of  the  Engineering  Division,  Association  of  American  Railroads. 

Report  of  Laboratory  Investigation  of  Welding  of 
High  Manganese  Steel 

As  described  in  previous  reports  of  the  subcommittee,  a  field  test  installation  of 
24  special  manganese  frogs  was  installed  in  a  track  of  the  Chicago,  Milwaukee,  St.  Paul 
&  Pacific  near  Mannheim,  111.  in  November,  1939.  When  these  frogs  should  become  so 
battered  by  traffic  as  to  require  welding  it  was  proposed  to  build  them  up  in  accordance 
with  an  established  program  in  order  to  determine  the  relative  merits  of  various  welding 


Fig.  1. 
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techniques,  etc.  Upon  inspecting  the  frogs  in  the  latter  part  of  1941  it  appeared  that  the 
field  welding  would  probably  be  required  in  the  latter  part  of  1942,  or  early  in  1943. 
It  was  decided  that  valuable  information  would  be  afforded  for  guidance  in  making  the 
field  welds  by  a  laboratory  investigation  to  study  the  microstructure  obtained  with  the 
various  techniques  proposed  for  the  welding  program. 

Investigation  of  Welds  Which  Failed  in  Service 

The  initial  part  of  the  investigation  was  carried  out  on  two  sections  of  scrap  frogs 
which  had  been  removed  from  track  after  several  years  service  and  which  had  been 
repaired  by  welding  several  times  during  their  service  life.  Fig.  1  shows  a  portion  which 
was  removed  U'om  each  frog  with  a  cutting  torch.  Sections  were  cut  across  the  wing  rail 
and  point  from  one  frog  as  indicated  by  the  dashed  lines  designated  "AA"  and  "BB"  in 
Fig.  1.  These  sections  were  ground,  polished,  and  etched  with  ammonium  persulfate  to 
develop  the  macrostructure.  Fig.  2(a)  is  a  photograph  of  Section  AA  and  Fig.  3(a)  is  a 
photograph  of  Section  BB.  Explanatory  comments  are  given  with  each  figure. 


Fig.  2(a). 

This  is  a  photograph  of  the  macrostructure  at  Section  AA  on  the  wing  of  the  frog. 
The  deposited  weld  metal  can  be  easily  identified  by  the  darker  color  and  difference  in 
grain  structure.  The  base  metal  is  of  lighter  color  and  has  a  flaky  appearance,  somewhat 
similar  to  that  of  galvanized  metal.  One  large  crack  in  a  horizontal  plane  about  Yz  in. 
below  the  running  surface  extends  through  the  weld  deposit  at  the  flangeway,  but  lies 
in  the  junction  area  between  weld  and  base  metal  in  the  outer  part  of  the  wing.  It  was 
not  possible  to  determine  whether  or  not  this  crack  developed  at  the  juncture  between 
two  succeeding  weldings.  However,  the  weld  metal  is  quite  badly  cracked  throughout 
and  one  large  crack  extends  back  through  the  base  metal.  The  upper  separated  layer  of 
weld  metal  had  flowed  out  into  the  flangeway  over  *4  m- 
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Fig.  2(b). 

Hardness  readings  were  taken  on  the  top  surface  and  at  each  ■&  in.  in  depth  through 
the  weld  to  the  base  metal  at  the  location  shown  on  the  sketch.  It  will  be  noted  that  the 
top  y2  in.  of  weld  deposit  above  the  large  horizontal  crack  was  quite  hard.  The  weld 
deposit  below  this  crack  was  much  softer  than  the  weld  above  the  crack,  but  was  about 
equal  in  hardness  to  the  base  metal.  After  the  large  horizontal  crack  had  formed,  the 
>£-in.  layer  of  weld  metal  was  in  effect  separated  from  the  casting,  but  lying  on  top  of  it. 
It  appears  more  likely  the  traffic  wheel  loads  "rolled  out"  this  separated  layer,  caused  it 
to  flow  into  the  flangeway,  and  work  hardened  it  to  the  very  high  hardness  values 
measured,  rather  than  that  the  difference  in  hardness  of  weld  metal  above  and  below 
the  crack  was  due  to  difference  in  the  weld  deposits  when  first  placed. 

Fig.  3(a)  is  a  photograph  of  the  macrostructure  through  section  BB  on  the  point 
of  the  frog.  The  weld  metal  may  be  easily  distinguished  from  the  "flaky"  appearing  base 
metal.  One  large  horizontal  crack  extends  across  the  point  about  %  in.  down  from  the 
top  surface.  This  crack  is  through  the  weld  meta!  about  %.  in.  above  the  juncture  of 
weld  and  base  metal  in  what  appears  to  be  a  zone  of  poor  fusion  between  adjacent  layers 
of  weld  metal. 

Fig.  3(b)  shows  hardness  readings  taken  at  intervals  of  iV  in.  in  depth  from  the  top 
surface  down  into  the  base  metal.  The  top  %  in.  of  weld  metal  indicates  work  hardening, 
but  the  hardness  is  much  less  than  on  the  wing.  The  zone  at  the  juncture  between  weld 
and  base  metal  is  quite  soft.  Below  this  zone  the  base  metal  shows  about  the  same 
hardness  as  the  base  metal  on  the  wing.  It  is  interesting  to  note  that  the  large  horizontal 
crack  on  both  wing  and  point  are  about  the  same  depth,  J4  in.  below  the  top  surface 
although  it  is  not  known  that  this  has  any  particular  significance. 

Sections  for  microscopic  examination  were  cut  from  the  wing  and  point  near  the 
macrosections.  The  microstructure  was  quite  similar  in  both  locations,  so  photomicro- 
graphs at  100  diameters  magnification  were  made  only  for  the  BB  section  on  the  point 
of  the  frog.  Fig.  4  is  a  photograph  enlarged  to  twice  actual  size,  showing  a  section 
through  the  frog  point.   The  small  white  squares  numbered  from  1  to  4  indicate  the 
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Fig.  3(a). 


Fig.  3(b). 


Fig.  4 


locations  at  which  the  photomicrographs  which  follow  were  taken.  Locations  1  and  2 
are  in  the  weld  metal.  Location  3  is  at  the  juncture  of  weld  and  base  metal.  Location  4 
is  in  the  base  metal. 

In  addition  to  the  large  cracks  easily  visible  in  Fig.  4,  it  was  found  in  the  micro- 
scopic examination  that  the  weld  contained  many  microscopic  cracks  which  were  not 
visible  to  the  unaided  eye.  These  will  be  readily  noted  in  the  photomicrographs. 
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Fig.  5(a)  is  a  micrograph  at 
the  top  surface  of  the  weld  where 
the  metal  has  been  work  hardened 
to  a  high  hardness  by  the  wheel 
loads.  The  dark  needle-like  parallel 
lines  are  slip  bands  developed  by 
cold  working  The  density  of  the 
slip  bands  indicates  the  amount  of 
cold  work  done,  the  bands  becom- 
ing more  numerous  as  cold  working 
is  increased. 

Slip  bands  are  produced  by  cold 
working  which  causes  a  precipita- 
tion of  sub-microscopic  ferrite  and 
manganese-iron  carbides.  The  cold 
worked  metal  is  harder  and  less 
ductile.  When  the  material  flows 
under  the  stresses  produced  by  serv- 
ice conditions  the  manganese-iron 
carbides,  which  have  been  precipi- 
tated from  the  original  austenitic 
structure,  become  planes  of  weak- 
ness and  may  develop  cracks  which 
grow  in  magnitude  in  service.  How- 
ever, cracks  may  exist  in  the  weld 
metal,  as  later  shown,  before  any 
work  hardening  occurs. 


Fig.  5(a). 
At  100  diameters. 


Fig.  5(b)  is  a  micrograph  in 
the  weld  metal  down  from  the  sur- 
face where  the  .cold  working  has 
been  less  and  the  metal  is  less  hard- 
ened therefrom  The  lesser  density 
of  slip  bands  is  apparent.  The  large 
dark  areas  are  cracks  which  may 
have  developed  from  slip  bands  or 
from  small  cracks  originally  in  the 
weld  deposit. 
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Fig.  5(b). 
At  100  diameters. 
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Fig.  5(c)  shows  the  junction 
of  the  weld  and  base  metal.  The 
weld  metal  is  at  the  upper  part  of 
the  figure  and  shows  a  fine  grained 
structure,  a  few  small  cracks  and 
inclusions.  The  base  metal  below 
shows  large  grains  with  carbide  pre- 
cipitation at  the  grain  boundaries 
indicated  by  the  continuous  dark 
lines.  This  precipitation  probably 
occurred  from  the  heat  of  welding. 


Fig.  5(c). 
At  100  diameters. 


4 


The  base  metal  itself  as  shown 
in  Fig.  5(d)  was  quite  coarse 
grained  and  the  boundaries  were 
broad  and  continuous.  This  prob- 
ably was  due  to  carbide  precipita- 
tion from  the  heat  of  welding  or 
else  to  inadequate  initial  heat  treat- 
ment of  the  frog. 


J 


Fig.  5(d). 

At  100  diameters. 
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Investigation  of  Laboratory  Welds 

The  second  part  of  this  investigation  involved  the  making  of  test  welds  in  the 
laboratory  with  various  types  of  welding  rod  in  general  accordance  with  the  proposed 
procedure  for  the  field  welding  program.  The  experimental  welds  were  made  on  1-in.  by 
iy2-m.  by  10-in.  bars  cast  especially  for  this  purpose.  These  bars  were  of  the  chemistry 
and  heat  treatment  generally  used  for  manganese  trackwork.  Welding  rods  used  were  of 
-h  in.  diameter  and  of  the  following  types: 

Designation  of  Rod 

A  B                     C  D  E 

Carbon    0.70-.90%  0.70-.90%  0.75-.90%  0.88%  0.81'% 

Manganese    13-15  13-15  '    13.0  12.98  13.47 

Phosphorus    0.025  Max.  0.05  Max.  0.05  Max.  0.038  0.034 

Sulfur    0.025  Max.  0.07  0.05  0.007  0.009 

Silicon   0.40-.80  0.90-1.20  0.64  0.40 

Nickel   3.5-4.0  3.4-4.0  3.0  Nil  Nil 

Molybdenum    ...  0.46  0.05 

Copper   ....  ...  1.32  0.30 

Coating    Black  None  White  None  White 

The  first  three  rods  are  of  the  same  general  type,  a  high  manganese  steel,  with  a 
nickel  addition  of  approximately  3.5  percent.  The  last  two  rods  could  also  be  considered 
in  a  general  class,  high  manganese  steel  alloyed  with  copper  and  molybdenum.  The 
chemical  compositions  for  rods  A,  B,  and  C  were  taken  from  data  furnished  by  the 
manufacturers.  Rods  D  and  E  were  analyzed  in  the  laboratory.  Analysis  of  rod  E  dis- 
closed the  presence  of  very  little  molybdenum,  but  an  analysis  of  a  weld  deposit  from 
this  rod  showed  all  the  other  elements  to  be  present  in  approximately  the  same  per- 
centages as  above  given  plus  0.20  percent  molybdenum,  which  indicates  the  molybdenum 
was  provided  in  the  coating. 

Photomicrographs  were  made  of  one  rod  of  each  type.  Multipass  welds  were  made 
on  the  special  bar  castings  with  and  without  peening  between  passes.  Sections  were  cut 
through  the  welds  for  hardness  survey  and  microscopic  examination. 

0; 


Fig.  6(a). — Micrograph  of  Rod  A 
at  100  Diameters.  Measured  Hardness 
of  the  Rod  was  80  Rockwell  B,  equiva- 
lent to  149  Brinell. 


Fig.  6(b). — Micrograph  of  Rod  B 
at  100  Diameters.  Measured  Hardness 
of  the  Rod  was  90  Rockwell  B,  equiva- 
lent to  183  Brinell. 
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Fig.  6(c)  (left). — Micrograph  of  Rod  C  at 
100  Diameters.  Measured  Hardness  of  the  Rod 
was  38  Rockwell  C,  equivalent  to  375  Brinell. 
The  density  of  slip  bands  indicates  this  rod  to 
have  been  cold  finished. 
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Fig.  6(d)  (left).  — Micrograph  of  Rod  D 
at  100  Diameters.  Measured  Hardness  of  the 
Rod  was  96  Rockwell  B,  equivalent  to  217 
Brinell. 


Fig.  6(e)  (left)  .—Micrograph  of  Rod  E  at 
100  Diameters.  Measured  Hardness  of  the  Rod 
was  38  Rockwell  C,  equivalent  to  375  Brinell. 
This  rod  had  also  apparently  been  cold 
finished. 
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Fig.  7. — Micrographs  at  100  Diameters  of  Welds  Made  with  Rod  A. 

These  welds  appeared  to  be  very  unsatisfactory.  Both  peened  and  unpeened  welds 
were  full  of  long  fine  cracks  perpendicular  to  the  base  metal,  shown  by  wide  dark  lines 
on  the  micrographs.  The  junction  between  weld  and  base  metal  was  clearly  defined  by 
carbide  precipitation  and  there  were  cracks  in  this  vicinity  in  the  unpeened  weld. 


462 


Track 


Weld  Metal 


Junction  with  Base  Metal 


Unpeened 


Weld  Metal 


Junction  with  Base  Metal 


Peened 


Fig.  8. — Micrographs  at  100  Diameters  of  Welds  Made  with  Rod  B. 

The  unpeened  weld  with  this  rod  was  badly  cracked.  The  peened  weld  was  free  from 
,cracks  in  the  weld  metal,  but  cracks  were  in  evidence  at  the  junction  with  the  base 
metal  and  this  junction  was  also  clearly  defined  by  a  dark  area  of  carbide  precipitation. 
In  general  the  weld  did  not  appear  satisfactory.  The  work  hardening  from  the  peening 
is  shown  by  the  slip  bands  in  the  lower  left  hand  picture. 
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Fig.  9. — Micrographs  at  100  Diameters  of  Welds  Made  with  Rod  C. 

Rather  strangely  the  unpeened  weld  was  free  of  cracks,  but  the  peened  weld  showed 
cracks  perpendicular  to  the  base  metal.  One  large  crack  can  be  seen  at  the  lower  left  and 
several  very  small  cracks  extend  along  the  grain  boundaries.  The  weld  junction  area  is 
not  as  heavily  marked  as  with  rods  A  and  B,  but  is  quite  evident.  The  cracldng  with 
work  hardening  indicates  an  unsatisfactory  property  of  this  weld. 
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Fig.  10. — Micrographs  at  100  Diameters  of  Welds  Made  with  Rod  D. 
It  will  be  noted  that  the  microstructures  produced  by  this  rod  and  rod  E,  both 
copper-molybdenum  rods,  are  quite  similar,  but  entirely  different  from  that  produced 
with  the  nickel-alloy  rods.  The  dendritic  pattern  is  much  coarser  and  the  welds  were 
free  from  cracks  in  both  the  as-deposited  and  peened  conditions.  Carbide  segregation  at 
the  weld  junction  is  much  less  pronounced  than  for  the  nickel-alloy  rods.  The  peened 
weld  looks  better  generally  than  the  unpeened  weld. 
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Fig.  11. — Micrographs  at  100  Diameters  of  Welds  Made  with  Rod  E. 
Note  the  similarity  of  these  welds  with  those  made  with  rod  D.  Carbide  precipita- 
tion appears  at  the  grain  boundaries  of  the  base  metal,  but  the  junction  between  weld 
and  base  metal  looks  good  and  the  weld  is  free  from  cracks. 
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Fig.  12. — Micrograph  at  100  Diame- 
ters of  Weld  Made  with  Stainless  Steel 
Rod. 

Considerable  carbide  segregation  is 
apparent  at  the  weld  junction.  How- 
ever, this  rod  does  show  a  tendency  to 
bond  to  the  base  metal.  The  weld 
metal  is  quite  soft  and  would  not  be 
expected  to  stand  up  under  service  con- 
ditions. Normally  it  is  recommended 
as  a  buffer  or  bond  layer  between  the 
base  metal  and  superimposed  layers  of 
manganese  weld  metal. 


Weld  Hardness  on  Manganese  Test  Pieces 

Hardness  readings  were  taken  on  the  surface  of  the  weld  and  at  each  tV  in.  of  depth 
down  through  the  weld  into  the  base  metal.  Measurements  were  made  on  Rockwell  B 
or  C  scale  and  converted  to  equivalent  Brinell. 


Surface 


Sketch  of  Section  Through  Weld 
and  Bar  Casting  Showing  Location  of 
Hardness  Measurements. 


Table  of  Hardness  o 
Values  are  given 

f  Llanganese  Test  Piece 
in  Brinell  units. 

Rod 

Surf. 

1 

2 

3 

4 

5 

6 

7 

Rod  A 

-Unpeened 

149 

174 

159 

156 

192 

210 

223 

217 

223 

-Peened 

_ 

262 

223 

201 

212 

212 

223 

223 

217 

Eod  B 

-TJnpeened 

183 

156 

179 

192 

192 

192 

187 

192 

192 

-Peened 

. 

415 

502 

248 

223 

217 

223 

223 

223 

Eod  C 

-Unpeened 

375 

159 

167 

163 

170 

197 

210 

204 

L     204 

-Peened 

_ 

436 

262 

248 

212 

201 

201 

197 

201 

Rod  D 

-Unpeened 

217 

170 

179 

179 

197 

210 

217 

217 

223 

-Peened 

_ 

444 

_ 

269 

217 

212 

212 

223 

229 

Rod  E 

-Unpeened 

375 

170 

192 

192 

204 

197 

210 

210 

217 

-Peened 

_ 

388 

311 

277 

235 

235 

235 

241 

235 

Stainless-TJnpeenei 

■       - 

207 

212 

212 

225 

229 

229 

2S5 

235 

Investigation  of  Effect  of  High  Welding  Heat 

The  welds  previously  described  were  all  made  using  a  normal  welding  current;  i.e., 
as  low  a  current  as  gave  good  penetration  and  smooth  application.  To  study  the  effect 
of  high  welding  current,  welds  were  made  with  one  nickel-manganese  rod  (C)  and  the 
two  copper-molybdenum  rods  (D  and  E) ,  using  as  high  a  current  as  would  give  satisfac- 
tory soundness.  Multipass  welds  were  made  with  each  rod  on  the  special  bar  castings 
and  peened.  The  following  photomicrographs  show  the  results  obtained: 
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Fig.  13. — Micrographs  at  100  Diameters  of  Weld  Made  with  Nickel-Manganese 

Rod  C  at  265  Amp. 

The  weld  metal  shows  cracks  and  the  base  metal  shows  cracks  and  carbide  pre- 
cipitation. Compare  with  Fig.  9.  The  principal  difference  between  this  weld  and  that 
made  with  normal  current  is  that  more  cracking  and  carbide  precipitation  has  occurred 
in  the  base  metal  with  the  high  current. 
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Fig.  14. — Micrographs  at  100  Diameters  of  Weld  Made  with  Copper-Molybdenum 

Rod  D  at  250  Amp. 
The  weld  metal  is  free  from  cracks,  but  the  base  metal  shows  cracks  and  carbide 
precipitation  at  the  grain  boundaries.    Compare  with  Fig.  10,  weld  made  with  normal 
current. 
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Fig.  IS. — Micrographs  at  100  Diameters  of  Weld  Made  with  Copper-Molybdenum 

Rod  E  at  275  Amp. 
The  weld  metal  shows  fine  cracks,  and  the  base  metal  shows  cracks  and  carbide 
precipitation.  Compare  with  Fig.  11,  weld  made  with  normal  current. 

Investigation  of  the  Effect  of  Heat  Treating  Welds 

Manganese  steel  used  in  special  trackwork  depends  entirely  upon  proper  heat  treat- 
ment to  develop  toughness  and  ductility.  The  heat  produced  in  welding  tends  to  nullify 
the  beneficial  effects  of  heat  treatment  of  the  base  metal  in  the  vicinity  of  the  weld 
junction  to  some  extent,  and  it  was  decided  to  retreat  some  test  welds  to  determine  what 
effect  this  would  have.  Accordingly,  welds  were  made  on  special  bar  castings  with  nickel- 
manganese  rod  C  and  copper-molybdenum  rods  D  and  E  laying  multipass  beads  with 
normal  current  and  peening.  These  were  then  heated  to  1,900  deg.  F.  and  water  quenched. 
The  results  are  shown  in  the  following  photomicrographs. 


Fig.  16.  —  Micrograph  at 
Junction  with  Base  Metal  at 
100  Diameters  of  Weld  Made 
with  nickel-manganese  rod  C 
and  subsequently  heat  treated. 
Weld  peened. 

The  weld  junction  is  easily 
detected;  the  weld  lies  above 
it  and  the  base  metal  below. 
Both  weld  metal  and  base 
metal  are  badly  cracked.  The 
heat  treatment  did  refine  the 
grain  structure  of  the  base 
metal,  but  in  general  did  not 
produce  a  desired  result. 
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Fig.  17. — Micrographs  at  100  Diameters  of  Weld  Made  with  Copper-Molybdenum 
Rod  D  and  Subsequently  Heat  Treated. 

Both  weld  and  base  metal  are  badly  cracked  and  the  heat  treatment  has  in  general 
produced  an  undesirable  result. 
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Fig.  18. — Micrographs  at  100  Diameters  of  Weld  Made  with  Copper-Molybdenum 
Rod  E  and  Subsequently  Heat  Treated. 

This  weld  was  not  as  deleteriously  affected  by  the  heat  treatment  as  the  other  two, 
but  neither  was  it  improved  thereby. 
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Investigation  of  Welds  made  with  Small  Diameter  Rods 

Two  types  of  rod  A  were  available  in  }/&  in.  diameter  size,  one  having  a  white  coat- 
ing and  the  other  a  brown  coating.  Test  welds  were  made  with  each  of  these  rods  with 
as  low  a  current  as  could  be  used  and  obtain  a  sound  weld  and  proper  penetration.  It 
was  thought  that  the  smaller  diameter  rod  would  have  less  deleterious  effect  upon  the 
base  metal  because  less  intense  heat  would  be  developed  during  welding.  The  welds  made 
with  both  rods  showed  many  cracks  perpendicular  to  the  base  metal  and  the  base  metal 
showed  carbide  precipitation  and  cracking.  However,  there  did  appear  to  be  some  reduc- 
tion in  the  amount  of  carbide  precipitation  at  the  grain  boundaries  in  the  base  metal 
and  some  improvement  at  the  weld  junction. 
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Fig.  19. — Micrographs  of  Welds  Made  with  J^-in.  Diameter  Rod  A  with  White 
Coating  and  Normal  Current. 

Note  the  cracks  in  both  weld  and  base  metal.  Compare  with  Fig.  7,  weld  made  with 
same  rod  of  fk  in.  diameter. 
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Effect  of  Use  of  Acety- 
lene Cutting  Torch  on 
Manganese    Steel 

Where  a  considerable 
amount  of  metal  on  a  frog 
must  be  removed  prior  to 
welding,  this  may  be  done 
more  quickly  with  a  cutting 
torch  than  with  a  grinder. 
However,  the  structure  of 
the  manganese  steel  is  af- 
fected by  the  heat  in  the 
proximity  of  the  cut.  In 
order  to  determine  how  far 
from  the  edge  of  the  cut 
this  effect  would  extend,  a 
cut  was  made  across  one  of 
the  special  bar  castings  with 
an  acetylene  torch  and  the 
grain  structure  was  exam- 
ined  with   the  microscope. 


Fig.  20  (right).— This  is 
a  Micrograph  at  100  Diame- 
ters Showing  the  Cut  Edge 
at  the  Top  of  the  Picture. 

The  flame  cutting 
caused  a  structural  change 
extending  to  a  depth  of 
approximately  0.04  in.  Im- 
mediately adjacent  to  the 
cut  the  original  coarse 
grained  austenitic  structure 
was  refined  and  became 
dendritic.  Below  this,  a 
zone  of  carbide  precipita- 
tion will  be  observed.  Be- 
low a  depth  of  0.04  in.,  no 
effect  of  heat  is  apparent. 
The  depth  of  the  heat  af- 
fected zone  will  depend 
upon  the  skill  of  the  opera- 
tor and  the  thickness  of  the 
piece  which  is  cut. 
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Summary 

A  laboratory  investigation  was  made  of  test  welds  on  special  bar  castings  of  heat 
treated  manganese  steel  such  as  is  used  in  special  trackwork.  In  interpreting  the  results, 
it  is  recognized  that  the  condition  of  welding  on  a  small  bar  is  different  from  that  of 
welding  on  a  frog  of  comparatively  large  mass.  It  has  also  seemed  reasonable  to  assume 
that  welds  showing  the  least  cracking  and  carbide  precipitation,  and  a  fine  grain  struc- 
ture will  give  the  most  satisfactory  service  in  track. 

The  laboratory  study  showed  that  three  important  factors  are  involved  in  obtaining 
satisfactory  welds  on  high  manganese  steel,  as  follows: 

(a)  A  minimum  heat  effect  on  the  base  metal  to  prevent  cracking  and  carbide 
precipitation  at  the  grain  boundaries. 

(b)  A  weld  junction  with  a  minimum  of  carbide  precipitation  to  prevent  a 
zone  of  weakness  or  brittleness. 

(c)  A  weld  deposit  free  of  cracks  and  inclusions  with  good  grain  structure 
and  satisfactory  hardness. 

Peening  of  the  weld  deposit  was  found  to  have  a  beneficial  effect  upon  preventing 
cracking  and  also  increased  its  hardness  appreciably. 

A  high  welding  current  produced  cracking  of  the  weld  deposit  and  of  the  base  metal 
at  the  weld  junction. 

Use  of  small  diameter  welding  rod  appeared  to  reduce  somewhat  the  heat  effect 
upon  the  base  metal,  but  not  markedly  so. 

The  copper-molybdenum-manganese  type  welding  rods  produced  a  sounder  weld 
deposit,  a  better  appearing  weld  junction,  and  somewhat  less  heat  effect  on  the  base 
metal  than  the  nickel-manganese  rods. 

There  was  no  significant  difference  in  the  appearance  of  welds  made  with  bare  and 
coated  rods. 

The  use  of  an  acetylene  cutting  torch  on  the  base  metal  with  careful  handling  did 
not  damage  the  metal  beyond  a  depth  of  0.04  in. 

The  stainless  steel  welding  rod  did  not  offer  particular  promise  of  good  results. 

In  general,  the  laboratory  study  has  indicated  the  copper-molybdenum-manganese 
rods  should  be  given  a  prominent  part  in  the  field  welding  test  program  and  particular 
attention  should  be  given  at  the  time  of  the  welding  to  determine  whether  the  weld 
deposits  do  or  do  not  contain  cracks. 

It  also  appears  that  the  laboratory  investigation  can  be  continued  with  advantage. 

The  fine  cooperation  extended  by  the  Milwaukee  Railroad  and  its  engineer  of  tests 
is  appreciated. 
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Report  on  Assignment  8 

Bolt  Tension  Necessary  for  Proper  Supporting  of  Rail  Joints 

C.  W.  Breed  (chairman,  subcommittee),  C.  W.  Baldridge,  A.  L.  Bartlett,  W.  S.  Boyce, 
W.  E.  Cornell,  E.  D.  Cowlin,  L.  W.  Deslauriers,  H.  F.  Fifield,  J.  W.  Fulmer,  C.  T. 
Jackson,  W.  H.  Lowther,  J.  de  N.  Macomb,  G.  M.  Magee,  E.  E.  Martin,  T.  C. 
McCord,  W.  L.  Roller,  G.  M.  Strachan. 

Your  committee  submits  as  information  the  following  report  of  progress  in  the 
tension  tests  of  bolts  installed  in  the  tracks  of  several  railroads,  as  described  in  the 
Proceedings,  Vol.  40,  page  565;  Vol.  41,  page  574;  Vol.  42,  page  608;  and  Vol.  43, 
page  550. 

Chicago,  Milwaukee,  St.  Paul  &  Pacific 

The  test  installation  on  the  Milwaukee  Railroad  is  on  the  westbound  track  of  the 
double-track  main  line  near  Winona,  Minn.  The  rail  is  112-lb.,  laid  new  June  22,  1938, 
with  6-hole  toeless  joint  bars  and  1-in.  diameter  track  bolts  with  no  spring  washers. 
The  traffic  density  over  this  test  section  is  estimated  to  be  from  5,000,000  to  7,000,000 
gross  tons  per  year,  excluding  passenger  traffic. 

Loss  of  Bolt  Tension  Under  Traffic 

At  the  time  of  the  June  27,  1941  measurements  reported  last  year,  the  bolts  were 
retightened  by  hand  wrenching  and  measurements  made  to  determine  the  bolt  tension 
applied.  As  in  previous  years,  it  was  desired  to  obtain  a  range  of  applied  bolt  tension 
from  8,000  to  12,000  lb.  on  the  north  rail,  and  from  15,000  to  20,000  lb.  on  the  south 
rail.  The  bolts  were  then  left  undisturbed  except  that  the  section  foreman  was  asked 
to  tighten  and  mark  any  bolts  that  became  loose.  Measurements  to  determine  the  loss 
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Fig.  1. — Loss  of  Bolt  Tension  Under  Traffic — Milwaukee  Installation. 

112-lb.  rail,  6-hole  toeless  joint  bars,   1-in.  bolts,  no  spring  washers.  Approximate  traffic 
density — S  to  7  million  gross  tons  per  year.  Rail  laid  new  June  22,  1938. 
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Table 

1. 

BOLT  TBJSIOH  MKASUBffl  l-NTS 

C  U  St.P  k  P  KK  Test  Installation 

NORTH  RAIL 

SOUTH  RAIL 

Average  Bolt  Ti 

anslon  Per  Joint  -  Lb. 

Average  Bolt  Tension  Per  Joint  -  Lb. 

Jt. 

Applied 

Remaining 

Applied 

Remaining 

No. 

6-27-41 

6-2-42 

Loss 

6-27-41 

6-2-42 

Lose 

1 

8,700 

2,600 

6,100 

16,900 

7,000 

9,900 

2 

9,500 

3,300 

6,200 

16,700 

8,000 

8.700 

3 

10,200 

3,700 

6,500 

16,400 

6,800 

9,600 

4 

9,200 

0 

9,200 

16,300 

6,000 

10,300 

5 

9,300 

3,300 

6,000 

21,100 

12,600 

8,500 

6 

8,900 

500 

8,400 

18,800 

10,700 

8,100 

7 

8,700 

4,800 

3,900 

- 

- 

_  * 

8 

8,900 

1,800 

7,100 

15,100 

7,500 

7,600 

9 

10,200 

2,800 

7,400 

19,000 

8,700 

10,300 

10 

9,100 

4,400 

4,700 

16,000 

9,700 

6,300 

11 

8,800 

800 

8,000 

18,800 

7,400 

11,400 

12 

9,900 

4,100 

5,800 

17,100 

7,200 

9,900 

13 

9,800 

3,600 

6,200 

15,900 

7,700 

8,200 

14 

9,100 

1,900 

7,200 

17,100 

6,600 

10,500 

15 

9,900 

4,300 

5,600 

14,900 

5,600 

9,300 

16 

9,800 

900 

8,900 

16,900 

4,500 

12,400 

17 

8,900 

2,600 

6,300 

18,  600 

8,400 

10,200 

18 

8,400 

1,400 

7,000 

17,400 

9,100 

8,300 

19 

9,900 

4,400 

5,500 

18,200 

8,400 

9,800 

20 

10,600 

1,800 

8,800 

16,000 

7,600 

8,400 

21 

9,900 

1,500 

8,400 

16,500 

7,100 

9,400 

22 

9,500 

2,900 

6,600 

18,800 

6,900 

11,900 

23 

10,700 

2,900 

7,800 

16,800 

2,200 

14,600 

24 

10,600 

2,600 

8,000 

21,500 

9,900 

11,600 

25 

12,400 

2,200 

10,200 

17,100 

7,900 

9,200 

26 

8,900 

4,100 

4,800 

15,  600 

5,100 

10,500 

27 

8,400 

3,300 

5,100 

19,100 

8,000 

11,100 

28 

9,800 

1,800 

8,000 

18,200 

5,600 

12,600 

29 

7,700 

1,300 

6,400 

19,800 

6,800 

13,000 

30 

11,000 

2,500 

8,500 

25,400 

13,300 

12,100 

31 

9,100 

800 

8,300 

24,600 

13,300 

11,300 

32 

10,500 

2,600 

7,900 

22,800 

11,100 

11,700 

33 

9,700 

1,400 

8,300 

22,200 

8,400 

15,800 

34 
Ave. 

25,000 
18,500 

10,900 
8,100 

14,100 

9,600 

2,500 

7,100 

10,400 

f>  Lo: 

3s  of  Original  Tension 

74.0$ 

56.2?f 

*  Crossing  plank. 

Note:      Compare  with  Vol.  41,   page  582 

n  "     Vol.  42,   page  608 

"  "     Vol.  43,   page  551 


in  tension  were  made  June  2,  1942  after  somewhat  less  than  one  year  of  service  and 
these  measurements  are  reported  in  Table  1.  Bolts  tightened  in  the  meantime  by  the 
section  forces  were  reported  as  zero  tension. 

A  considerable  loss  in  bolt  tension  occurred  during  the  period  (one  year),  and  this 
loss  conformed  quite  closely  with  that  for  the  preceding  year,  as  reported  last  year. 
The  number  of  bolts  which  became  loose  or  were  found  loose  at  the  time  of  the  June  2, 
1942  measurements  was  as  follows:  North  rail,  62  or  35  percent;  south  rail,  12  or  7 
percent. 

In  this  test  and  in  the  other  tests,  it  was  observed  that  when  bolts  became  suffi- 
ciently loose  to  rattle,  the  threads  were  badly  battered  by  the  joint  bar  under  the 
vibration  of  traffic.  The  average  loss  in  bolt  tension  on  the  north  and  south  rail  during 
the  various  periods  of  measurements  since  the  test  was  started  is  shown  in  Fig.  1. 

Out-to-Out  Measurements  of  Joint  Bars 

As  described  in  previous  reports,  measurements  have  been  made  with  the  joint  bar 
caliper  of  the  out-to-out  distances  between  the  two  bars  of  each  joint  on  both  top  and 
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Average  Change  in  Out-to-Out  Distance  of  Joint  Bare 
C  M  St.P  U  P  Teet  Installation 
(From  12-2-38  to  6-2-42) 


NORTH  RAIL 

SOUTH  RAIL 

Location 

Average  Change 
Inches 

Average  Change 
Inches 

A 

.054 

.053 

B 

.056 

.049 

C 

.049 

.057 

D 

.051 

.055 

E 

.042 

.039 

F 

.047 

■  025 

Average 

.050 

.046 

Note:     The  average  change  is  a  decrease  in  out-to-out 
measurements  at  the  locations  shown. 


Compare  with  Vol.   42,   page  609. 
"  "      Vol.   43,  page  551. 


bottom  ribs  at  each  end  and  at  the  middle.  The  change  in  this  out-to-out  distance  from 
year  to  year  represents  wear  of  the  fishing  surfaces  of  the  rail  and  joint  bars  and  cor- 
responding take-up  of  the  clearance  provided  between  the  bar  and  the  rail  web.  The 
average  change  in  out-to-out  distance  for  the  test  joints  from  December  2,  1938  to  June 
2,  1942  is  shown  in  Table  2.  Attention  is  directed  to  the  fact  that  practically  the  same 
amount  of  wear  has  occurred  at  the  joints  on  both  north  and  south  rails,  irrespective 
of  the  fact  the  bolts  have  been  maintained  at  approximately  twice  as  much  tension  on 
the  south  rail  as  on  the  north  rail.  These  measurements  also  show  the  bars  are,  on  the 
average,  moving  in  about  the  same  top  and  bottom;  i.e.,  the  bars  are  not  displaying  a 
tendency  to  become  cocked. 

Chicago,  Burlington  &  Quincy 

The  bolt  tension  test  installation  on  the  Burlington  near  Western  Springs,  111.,  was 
described  in  the  report  of  1939  (Vol.  40,  page  568).  The  test  includes  approximately  40 
joints  on  the  north  rail  and  40  joints  on  the  south  rail  on  the  eastbound  main  track 
between  Western  Springs  and  Highlands.  The  rail  in  the  test  is  131-lb.  with  6-hole 
toeless  joint 'bars  of  both  headfree  and  head  contact  types,  1-in.  heat  treated  track  bolts, 
and  "Triflex"  springs  or  "Double  Hipower"  spring  washers.  The  rail  was  laid  new  and 
the  test  started  in  August,  1938. 
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There  are  four  different  test  sections  in  both  the  north  and  south  rails,  of  approxi- 
mately 10  joints  each,  in  the  following  order  from  west  to  east: 

Headfree  bars  with  Double  Hipower  spring  washers. 
Headfree  bars  with  Triflex  springs. 

Head  contact  bars  with  Double  Hipower  spring  washers. 
Head  contact  bars  with  Triflex  springs. 

Loss  of  Bolt  Tension  Under  Traffic 

Bolt  tension  measurements  showing  the  loss  of  tension  under  traffic  have  been  pre- 
viously reported  for  this  installation  up  to  October  16,  1941.  At  the  time  of  the  October 
16,  1941  measurements  only  those  bolts  were  retightened  which  were  judged  to  have 
too  low  a  tension  for  another  year's  service.  Bolts  were  then  left  undisturbed  and  on 
October  14,  1942  measurements  were  made  of  the  bolt  tension  remaining.  In  Fig.  2  the 
average  bolt  tensions  for  the  various  dates  of  measurements  are  given  for  each  separate 
test  section  on  the  north  rail  and  corresponding  data  for  the  south  rail  are  given  in  Fig.  3. 


Average  Loss  In  Bolt  Tension  fron 

Oct.   16,   1941  to  Oct.   14,   1942. 

C.B.  &  Q.  E.E.  Installation 

Average  Bolt  Tension  in  Lb. 


No. of 

No.  of 

Loss 

Bolts 

Bolts 

Per 

in 

Loose 

South  Rail 

10-16-41 

10-14-42 

Loss 

Month 

Test 

10-14-42 

Headfree  Triflex 

13,750 

11,280 

2,470 

210 

60 

0 

Headfree  Hipower 

12,830 

8,670 

4,160 

350 

57 

6 

Head  contact  Triflex 

12,200 

8,600 

3,600 

300 

50 

2 

Head  contact  Hipower 

14,660 

9,870 

4,790 

400 

52 

6 

North  Rail 

Headfree  Triflex 

26,440 

20,800 

5,640 

470 

54 

1 

Headfree  Hipower 

26,000 

20,660 

5,340 

450 

53 

0 

Head  contact  Triflex 

25,170 

19,670 

5,500 

460 

39 

0 

Head  contact  Hipower       25,170  16,780         8,390         700         58 


Compare  with  Vol.   42,   page  612 
Compare  with  Vol.   43,   page  556 


Much  higher  bolt  tension  has  been  maintained  on  the  north  rail  than  on  the  south  rail 
throughout  the  test.  In  general,  the  amount  of  bolt  tension  loss  has  not  been  greatly 
different  during  the  last  year's  test  period  for  either  the  headfree  or  head  contact  bars 
or  the  Hipower  or  Triflex  washers.  The  average  bolt  tension  loss  per  month  as  shown 
in  Table  3  agrees  reasonably  well  with  the  corresponding  values  reported  last  year. 
Although  the  average  rate  of  bolt  tension  loss  is  greater  on  the  north  than  on  the  south 
rail,  the  tension  remaining  after  a  year's  service  is  almost  twice  as  much  on  the  north 
rail.  Only  one  bolt  was  loose  on  the  north  rail,  0.5  percent  of  the  total.  On  the  south 
rail,  14  bolts  were  entirely  loose,  or  6.4  percent  of  the  total. 

Out-to-Out  Measurements  of  Joint  Bars 

When  the  test  was  started  accurate  measurements  were  made  of  the  out-to-out 
distances  between  the  outer  faces  of  the  bars  at  each  joint  on  both  top  and  bottom  ribs 
at  each  end  and  near  the  middle  of  the  bar.    Change  in  this  out-to-out  distance  is  an 
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Fig.  2.— Loss  of  Bolt  Tension  Under  Traffic— C.  B.  &  Q.  Installation. 

131-lb.   rail,   6-hole   toeless  joint  bars,    1-in.  bolts.  Approximate   traffic  density — 
IS   million  gross  tons  per  year.   Rail  laid  new  August   1938. 
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Fig.  3.— Loss  of  Bolt  Tension  Under  Traffic— C.  B.  &  Q.  Installation. 

131-lb.  rail.  6-hole  toeless  joint  bars,   1-in.  bolts.  Approximate  traffic  density — 

IS  million  gross  tons  per  year.  Rail  laid  new  August  1938. 
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Average  Change  In  Out-to-Out  Distance  of  Joint  Bars 

C.  B.  &  <i.  R.R.  Test  Installation 

(From  October  5,   1938  to  October  14,    1942) 


Type  of  Joint 
tn  Spring  Washer 

Location  of  Joint 

North  Rail: 

A 

B 

C 

D 

£ 

r 

Are. 

Headfree  Hipower 
Headfree  Triflex 
Head  Contact  H.P 
Bead  Contact  Tri. 

.004 

-  .012 

-  .052 
.075 

-  .061 

-  .060 

-  .020 

-  .059 

-  .039 

-  .038 

-  .096 

-  .131 

-  .102 

-  .088 

-  .068 
.106 

.025 
.026 
.071 

.085 

-  .085 

-  .080 

-  .058 

-  .050 

-.051 
-.051 
-.061 
-.084 

South  Rail: 

Headfree  Hipower 
Headfree  Triflex 
Head  Contact  H.P. 
Head  Contact  Tri. 

.007 
.012 

-  .057 

-  .075 

-  .068 

-  .056 

-  .027 

-  .081 

-  .030 

-  .031 

-  .118 

-  .148 

-  .091 

-  .115 

-  .102 

-  .128 

-  .015 
.011 

-  .097 

-  .097 

.086 
.096 
.064 
.060 

-.049 
—  049 
-.077 
-.098 

All  values  shown  are  in  inches.     The  "-"  sign  indicates  the 
average  change  in  a  decrease  in  out-to-out  distance. 


indication  of  the  wear  that  has  occurred  on  the  fishing  surfaces  of  the  joint  bar  and 
rail.  Out-to-out  measurements  have  been  made  periodically  along  with  the  bolt  tension 
measurements.  In  Table  4  is  given  the  average  change  in  out-to-out  distance  for  the 
joint  bars  on  each  of  the  individual  test  sections  from  October  5,  1938  to  October  14, 
1942.  The  headfree  bars  continue  to  show  little  inward  movement  at  the  tops  of  the 
bars.  Judged  by  the  average  inward  movement  that  has  occurred  on  the  north  and 
south  rail,  the  much  higher  bolt  tension  that  has  been  maintained  on  the  north  rail  has, 
so  far,  had  no  appreciable  effect  on  rail  and  joint  bar  fishing  surface  wear. 

Slippage  Resistance  of  Joint  Bars 

During  the  year  some  tests  were  made  in  the  Burlington  Laboratory  to  determine 
the  effect  of  lubrication  on  the  slippage  resistance  of  joint  bars.  For  these  tests  two  rail 
ends  were  machined  so  they  could  be  assembled  with  a  pair  of  joint  bars  with  a  desired 
bolt  tension,  placed  in  a  testing  machine,  and  the  forces  required  to  slip  the  rail  ends 
in  the  joints  were  measured.  These  tests  indicated  that  lubrication  of  the  fishing  sur- 
faces materially  lowered  the  joint  slippage  resistance,  at  least  initially.  However,  it  was 
judged  that  for  this  information  to  be  of  much  practical  value,  slippage  resistance 
should  be  measured  when  bars  were  initially  applied  and  measured  again  after  various 
periods  in  service.  It  is  proposed  next  year  to  make  additional  tests  for  the  purpose  of 
developing  more  complete  information  on  the  effect  of  fishing  surface  lubrication. 

Denver  &  Rio  Grande  Western 

The  rail  was  laid  for  this  test  installation  on  the  single-track  main  line  of  the 
Denver  &  Rio  Grande  Western  near  Glenwood  Springs,  Colo.,  on  September  7,  1938 
(See  Vol.  40,  page  568).  The  rail  is  131-lb.,  with  4-hole  toeless  joint  bars,  V/%  in.  heat 
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Table  5 

Bolt  Tension— D.  &  R.  G.  W.  Test 

(Values  given  are  averages  per  joint  per  bolt  in  pounds.) 


North  Rail 

South  Rail 

Bolt  Tension 

Bolt  Tension 

Applied 

Remaining 

Applied 

Remaining 

Joint  No. 

July  10, 1941 

July  30,  1942 

Joint  No. 

July  10, 1941 

July  30, 1942 

1 

* 

* 

26 

* 

* 

2 

* 

* 

27 

* 

* 

3 

* 

* 

28 

34,500 

29,300 

4 

35,200 

26,400 

29 

22,600 

25,200 

5 

* 

* 

30 

* 

* 

6 

17,400 

7,600 

31 

29,800 

29,300 

7 

25,900 

15,000 

32 

20,700 

21,600 

8 

20,000 

4,500 

33 

22,400 

20,000 

9 

14,800 

6,200 

34 

17,900 

11,200 

10 

17,400 

8,100 

35 

17,100 

12,600 

11 

22,400 

12,600 

36 

30,900 

21,600 

12 

23,800 

16,700 

37 

21,600 

19,300 

13 

14,000 

9,800 

38 

14,000 

18,600 

14 

15,000 

5,700 

39 

23,300 

14,800 

15 

23,800 

11,200 

40 

23,300 

16,900 

16 

19,800 

2,600 

41 

36,200 

24,000 

17 

22,400 

13,300 

42 

18,100 

15,200 

18 

22,800 

17,600 

43 

19,300 

12,600 

Average 

21,000 

11,200 

23,400 

19,500 

Note. — Compare  with  Proceedings,  Vol.  41,  page  584,  Vol.  42,  page  617,  Vol.  43, 
page  558. 

*  Removed  when  C.  T.  C.  system  was  installed. 


treated  bolts,  and  National  grooved  spring  washers.  As  previously  stated,  all  test  bolts 
were  replaced  with  new  bolts  on  October  11,  1940  and  hand  tightened. 

Loss  of  Bolt  Tension  Under  Traffic 

The  bolts  were  left  undisturbed  after  the  October  11,  1940  tightening;  on  July  10, 
1941  the  remaining  bolt  tension  was  measured  and  only  those  bolts  tightened  in  which 
the  tension  was  considered  too  low  for  a  year's  service.  On  July  30,  1942,  measurements 
were  made  again  to  determine  the  bolt  tension  remaining.  In  Table  5  the  bolt  tension 
measurements  are  shown  for  both  the  north  and  south  rail  as  applied  July  10,  1941  and 
as  remaining  July  30,  1942,  after  somewhat  more  than  one  year's  service. 

During  the  year  a  C.T.C.  system  was  installed  through  the  test  section  and  it  was 
necessary  to  remove  some  of  the  test  joints.  Some  of  the  joints  on  the  south  rail  which 
were  not  removed  appear  to  have  had  the  bolts  tightened.  In  general,  the  changes  neces- 
sary in  connection  with  the  C.T.C.  installation  have  affected  the  test  to  the  extent  that 
the  measurements  for  the  last  year's  period  are  not  entirely  satisfactory,  but  this  is,  of 
course,  a  condition  which  could  not  have  been  helped.  The  loss  of  bolt  tension  under 
traffic  since  the  original  installation  of  the  bolt  tension  test  is  shown  in  Fig.  4.  It  will 
be  observed  that  the  loss  in  tension  on  the  south  rail  for  the  past  year  has  been  much 
less  than  for  the  north  rail.  Inasmuch  as  the  applied  tension  was  about  the  same  on  each 
and  the  construction  is  the  same,  there  is  no  apparent  explanation  for  this  difference 
except  as  explained  above.  In  1941,  4,439,611  gross  tons  of  freight  traffic  were  handled 
over  the  test  section,  exclusive  of  passenger  traffic. 
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Average  Change  in  Out-to-0ut  Distance  of  Joint  Bars 
D.  &  R.  G.  W.  Test  Installation 


Joint  No. 

1 

2 

3 

7 

8 

9 
11 
12 
13 
14 
15 
16 
17 
18 
Average 


(From  September  7,  1938  to  July  30,  1942) 

Position 
ABODE 


North  Rail 


(Joints  1,  2  and  3  replaced  for  spring  switch  installation.) 


022 
045 
037 
008 
002 
046 
069 
015 
122 
020 
035 
013 


003 
036 
038 
033 
045 
056 
091 
023 
163 
028 
192 
064 


030 
049 
014 
022 
007 
023 
040 
004 
124 
005 
071 
008 


013 
052 
042 
049 
063 
090 
045 
041 
165 
032 
167 
069 


—.008 

—.022 
.012 

—.010 
.022 
.003 
.077 
.000 
.096 
.014 
.145 

+  .023 


002 
010 
034 
025 
045 
121 
003 
038 
181 
016 
113 
053 


26 
27 
29 
30 
32 
33 
34 
35 
36 
38 
40 
41 
42 
43 
Average 


South  Rail 
(Joints  26  and  27  replaced  for  spring  switch  installation.) 


—.014        —.039         —.011         —.040 
(Insulated  joint  installed  for  C.T.C.  system.) 


004 
004 
104 
102 
001 
078 
042 
046 
089 
053 
049 


020 
077 
111 
091 
021 
075 
088 
105 
076 
027 
066 


022 

—.041 

—.018 

009 

—.076 

—.012 

086 

—.131 

.077 

048 

—.045 

—.033 

024 

—.042 

—.022 

055 

—.054 

—.046 

022 

—.064 

.017 

024 

—.081 

.023 

059 

—.052 

—.027 

084 

—.054 

—.080 

025 

—.062 

—.013 

024    — .  045 


,028 
059 
136 
055 
038 
030 
031 
034 
014 
056 
048 


Note. — Measurements  are  in  inches. 

A  minus  sign  indicates  a  decrease  in  out-to-out  distance. 

Compare  with  Proceedings,  Vol.  42,  page  618,  Vol.  43,  page  559. 
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Fig.  4.— Loss  of  Bolt  Tension.  Under  Traffic— D.  &  R.  G.  W.  Installation. 

131-Ib.  rail,  4-hole  toeless  joint  bars,   1  J-^-in.  bolts.  Approximate  traffic  density — 3  to  5 

million  gross  tons  per  year.   Rail  laid  new  September   7,   1938. 


Out-to-Out  Measurements  of  Joint  Bars 

Out-to-out  distance  of  joint  bars  was  also  measured  on  July  30,  1942  and  the 
change  in  this  measurement  from  September  7,  1938  to  July  30,  1942  is  shown  in  Table  6. 
This  may  be  compared  with  Table  6,  Proceedings,  Vol.  43,  page  559  to  determine  the 
change  in  out-to-out  distance  that  occurred  during  the  year.  In  general,  the  joint  bars 
in  this  test  have  tended  to  move  inwardly  at  the  bottom  much  more  than  at  the  top 
and  this  is  particularly  true  of  the  bars  on  the  north  rail. 


Pennsylvania  Railroad 

This  test  was  installed  August  26,  1939,  near  Birmingham,  Pa.  on  the  Pennsylvania 
Railroad  main  track  No.  1,  carrying  eastbound  passenger  and  freight  traffic.  The  rail  is 
152-lb.  Pennsylvania  section,  with  6-hole  toeless  controlled-bearing  joint  bars,  1%  in. 
bolts,  and  low  reactance  spring  washers.  This  is  the  only  test  in  which  "finger  free"  thread 
fit  was  provided  for  the  test  bolts.  The  traffic  density  is  very  heavy,  68,370,036  gross 
tons  during  1941. 

Loss  of  Bolt  Tension  Under  Traffic 

The  test  bolts  were  retightened  by  hand  wrenching  on  July  2,  1941.  With  no  further 
tightening,  measurements  to  determine  the  loss  in  bolt  tension  under  traffic  were  made 
November  4,  1941,  April  22,  1942,  and  on  July  15,  1942.  The  average  tension  per  joint 
as  measured  July  2,  1941  and  July  15.  1942  and  the  loss  for  the  year's  period  is  given  in 
Table  7.  In  Fig.  5  the  average  rate  of  bolt  tension  loss  with  respect  to  service  period  in 
track  is  indicated  by  the  measured  bolt  tension  at  the  various  periods  ef  time. 
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Track 


labia  7. 

Bolt  Tension  Measurements 

P.R.P.  Test  Installation 
Average  Bolt  Tension  Por  Joint  -  Lb. 


Joint 

Applied 

Remaining 

No. 

7-2-41 
21,900 

7-15-42 

Loss 

1 

17,000 

4,900 

2 

18,300 

8,500 

9,800 

3 

15,200 

9,900 

5,300 

4 

20,900 

12,100 

8,800 

5 

18,300 

10,800 

7,500 

6 

19,000 

17,000 

2,000 

7 

17,800 

11,800 

6,000 

8 

15,200 

8,500 

6,700 

9 

18,400 

12, 700 

5,700 

10 

23,200 

19,800 

3,400 

11 

17,200 

15,400 

1,800 

IS 

17,400 

12,900 

4,500 

13 

19,500 

11,200 

8,300 

14 

19,800 

11,600 

8,200 

15 

19,800 

8,400 

11,400 

16 

20,100 

6,900 

13,200 

17 

26,400 

13,800 

12,600 

Average 


19,300 


7,000 


Average  Bolt  Tension  by  Bolt  Position 
(See  Table  8  for  Bolt  Position) 


Bolt 
Pos. 


19,600 

13,100 

6,500 

19,700 

16,800 

2,900 

21,600 

9,700 

11,900 

19,000 

9,300 

9,700 

19,000 

13,900 

5,100 

16,800 

10,600 

6,200 

Note:  Compare  with  Tol.  42,  page  626 
■      "  Vol.  43,  page  561 
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fig.  5. — Loss  of  Bolt  Tension  Under  Traffic — Pennsylvania  R.  R.  Test  Installation. 

152-lb.  rail,  6-hole  C.B.  toeless  bars,  lj^-in.  bolts,  low  reactance  spring  washers.  Traffic 

density — SO  to  70  million  gross  tons  annually.  Rail  laid  new  August  1939. 
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The  rail  for  this  test  was  laid  new  in  the  early  part  of  August,  1939.  It  is  apparent 
that  the  rate  of  bolt  tension  loss  has  been  decreasing.  It  will  also  be  noted  that  the  rate 
of  bolt  tension  loss  is  not  greatly  different  from  that  on  the  test  sections  having  much 
less  traffic  density.  As  in  previous  reports,  the  two  center  bolts  have  continued  to  lose 
from  50  to  100  percent  more  tension  than  the  remaining  four  bolts.  No  bolts  were  found 
to  be  entirely  loose  in  the  July  IS,  1942  measurements. 

Table  8. 

P.R.R.  Test  Installation 

EAST 
Direction  of  Traffic 

a  c        ; 


Average  Change  in  Out-to-Out  Measurement 
at  Locations  Shown 


Location 

Out-to-Out 

Change 

( Inches) 

7-2 

■41  to  7- 

15-42 

11- 

14-40  to  7-15-42 

A 

-   .014 

-   .018 

B 

-   .017 

-   .028 

C 

-   .022 

-   .023 

t> 

-   .024 

-   .040 

B 

-   .017 

.020 

r 

.013 

-    .027 

Average 

-   .018 

.026 

Note:     The  minus  sign  indicates  a  decrease 
in  out-to-out  measurements. 

Compare  with  Vol.   43,  page  562. 

Out-to-Out  Measurements  of  Joint  Bars 

Measurements  were  made  of  the  out-to-out  distance  of  joint  bars,  on  both  top  and 
bottom  ribs  at  each  end  and  at  the  middle  of  each  joint.  The  average  change  in  this  out- 
to-out  distance  for  each  position  of  measurement  between  July  2,  1941  and  July  IS,  1942 
is  given  in  Table  8.  The  change  is  quite  small  considering  the  very  heavy  traffic  density. 

Erie  Railroad 

The  test  installation  on  the  Erie  Railroad  is  on  the  westbound  track  of  the  double- 
track  main  line  at  M.  P.  223  near  Griffith,  Ind.  The  rail  is  112-lb.  section  laid  new  on 
July  19,  1939,  with  6-hole  angle  bars  and  1-in.  heat  treated  bolts.  The  test  installation 
consists  of  8  joints  on  the  north  rail  and  10  joints  on  the  south  rail.  Triflex  springs  were 
placed  on  33  of  the  test  bolts,  Hy-Pressure  Hy-Crome  spring  washers  on  33,  and 
Improved  Hipower  spring  washers  on  39.  The  traffic  carried  over  this  track  in  1941  was 
8,859,077  gross  tons. 
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Track 


Loss  of  Bolt  Tension  Under  Traffic 

At  the  time  of  the  December  3,  1941  measurements  reported  last  year,  the  test  bolts 
were  retightened  by  hand  wrenching  and  measurements  made  of  the  bolt  tension  applied. 
The  bolts  were  then  left  undisturbed.  Bolt  tension  measurements  were  made  in  the 
summer  of  1942,  but  as  the  tension  loss  was  small  readings  were  taken  again  on  Novem- 
ber 19,  1942.  In  Table  9,  the  bolt  tension  applied  on  December  3,  1941  is  given  and  also 
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Fig.  6. — Loss  of  Bolt  Tension  Under  Traffic — Erie  Installation. 

131-lb.   rail.   6-hole  long   toe  joint  bars,    1-in.  bolts.  Approximate   traffic  density— 7   to  8 

million  gross  tons  per  year.   Rail  laid   new  July   1939. 


that  remaining  on  November  19,  1942.  No  bolts  were  found  entirely  loose,  although  a 
few  had  retained  but  little  tension.  In  Fig.  6  is  given  the  average  loss  in  bolt  tension  for 
the  three  types  of  spring  washers  used  as  determined  at  the  various  periods  of  measure- 
ments since  the  tests  were  started.  It  will  be  observed  that  the  loss  in  bolt  tension  was 
greater  during  the  first  six  months  and  has  not  changed  much  during  the  last  two  years. 
The  average  loss  in  bolt  tension  during  this  period  of  somewhat  less  than  one  year 
was  found  to  be  as  follows: 

Hy-Pressure  Hy-Crome  spring  washers  3,900  lb. 

Triflex  springs 2,000  lb. 

Improved  Hipower  spring  washers  3,000  lb. 

These  values  correspond  closely  with  those  reported  last  year  and  represent  a  very 
small  loss  in  tension  for  a  year's  service  period. 

Out-to-Out  Measurements  of  Joint  Bars 

At  the  time  of  making  the  bolt  tension  measurements,  the  out-to-out  distance  be- 
tween joint  bars  was  measured  with  the  joint  bar  caliper  on  the  center  line  of  each  joint 
bar  near  each  end  and  at  the  middle.  Readings  could  not  be  taken  between  the  bottom 
flanges  because  the  caliper  would  not  span  the  outstanding  flanges  of  the  angle  type 
joint  bars. 
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Change  In  Out-to-Out  Measurement  of  Joint  Baxs 
Erie  R.R.  Test  Installation 


December  3,  1941  to  November  19,1942 


Position 

of  Measurement 

rolnt  No. 

A 

B 

C 

Hy-Pressure  Hy-Crone  Spring  Washers 

1-N 

-.002 

-.008 

-.003 

2-N 

-.010 

-.007 

—  006 

3-N 

-.002 

-.008 

-.002 

1-S 

-.012 

-.008 

—003 

2-S 

-.007 

-.006 

-.006 

3-S 

-.009 

-.015 

—  008 

Average 

-.007 

-.009 

-.005 

Trifles  Spring 

s 

3-N 

-.002 

-.008 

-.003 

4-N 

- 

- 

- 

5-N 

—  Oil 

-.008 

-.008 

4-S 

-.014 

-.012 

-.008 

5-S 

-.007 

—  012 

—  007 

6-S 

—013 

-.007 

-.007 

Average 

—009 

—009 

-.006 

Hi -Power  Springs 

6-N 

-.005 

—  004 

-.004 

7-N 

-.004 

-.008 

-.004 

841 

-.006 

—006 

-.001 

7-S 

—  014 

-.006 

-.007 

8-S 

-.004 

-.007 

-.007 

9-S 

-.022 

—  001 

—  007 

10-S 

-.012 

-.005 

-.005 

Average  -.009  —005  —005 

Note:     Measurements  shorn  represent  decrease  in  out-to-out 
distance  of  joint  bars  if  preceded  by  a  (-)   sign. 
All  out-to-out  measurements  shown  are  in  inches. 
Compare  with  Vol.   42,   page  622. 
Compare  with  Vol,  43,   page  564. 

In  Table  No.  10  is  given  the  change  in  out-to-out  distance  as  determined  from 
measurements  made  December  3,  1941  and  November  19,  1942.  The  change  in  out-to-out 
distance  was  small  and  was  generally  less  than  0.01  inch. 


Conclusions 

1.  The  purposes  of  providing  tension  in  track  bolts  are: 

(a)  To  draw  the  joint  bars  into  place  when  they  are  first  applied. 

An  initial  bolt  tension  when  bars  are  first  applied  of  from  20,000  to  30,000  lb.  is 
of  value  in  overcoming  the  roughness  of  the  fishing  surfaces,  thereby  providing 
a  proper  seating  of  the  bars. 

(b)  To  hold  the  joint  bars  in  place  throughout  actual  service  conditions  and  to  pro- 
duce an  integral  action  of  the  two  bars  of  a  joint  in  resisting  bending  in  the 
vertical  or  horizontal  planes. 

A  minimum  bolt  tension  of  10,000  lb.  for  the  long-toe  joint  bar,  or  5,000  lb. 
for  the  short-toe  joint  bar  is  sufficient  to  accomplish  these  purposes. 
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(c)  To  provide  sufficient  reserve  tension  to  carry  over  the  period  between  tightenings. 
This  requires  that  the  applied  tension  shall  be  high  enough  to  withstand  the  loss 
in  bolt  tension  under  traffic  for  the  period  between  tightenings  and  still  be 
sufficient  at  the  end  of  the  period  to  insure  proper  action  of  the  joint  bars. 
Bolt  tension  loss  is  relatively  rapid  immediately  following  the  application  of 
joint  bars  until  the  mill  scale  has  disappeared  from  the  fishing  surfaces,  and 
averages  from  5,000  to  10,000  lb.  the  first  month.  After  the  second  month,  the 
rate  of  bolt  tension  loss  averages  from  500  to  1,000  lb.  per  month.  Loss  of  tension 
is  not  uniform  at  each  joint  and  some  bolts  may  lose  twice  the  above  amounts; 
others,  scarcely  any. 

Bolt  tension  loss  is  principally  due  to  a  decrease  in  distance  between  the  two 
bars  of  a  joint  as  a  result  of  fishing  surface  wear. 

(d)  To  permit  slippage  of  the  rail  ends  within  the  joint  bars  with  temperature  change. 
The  slippage  resistance  of  a  rail  end  within  its  joint  bars  is  approximately  equal 
to  the  sum  of  the  tension  in  its  two  (or  three)  bolts.  Thus  in  general,  high  bolt 
tension  produces  high  joint  bar  restraint  and  vice  versa. 

The  following  practices  are  recommended  to  accomplish  these  purposes: 

(a)  The  applied  bolt  tension  should  be  within  a  range  of  15,000  to  25,000  lb. 

This  meets  all  requirements  adequately.  The  variation  in  thread  friction  of  indi- 
vidual bolts  and  the  lack  of  any  practical  means  of  applying  a  known  tightening 
torque  in  track  makes  a  precise  establishment  of  a  "proper  applied  bolt  tension" 
of  little  real  value. 

(b)  Track  bolts  should  be  tightened  not  sooner  than  one  month,  nor  later  than  three 
months,  after  the  joint  bars  are  applied,  and  at  intervals  of  one  year  thereafter. 
More  frequent  tightening  is  unnecessary  and  therefore  uneconomical.  Less  fre- 
quent tightening  requires  too  high  an  applied  bolt  tension  to  carry  over  the 
longer  period. 

(c)  Bolt  threads  should  be  treated  with  a  corrosion  resistant  lubricant  prior  to  the 
application  of  the  nuts. 

This  will  reduce  the  variation  in  thread  friction  and  promote  uniformity  of 
tension  obtained. 
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Committee 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Physical  properties  of  earth  materials: 

(a)  Roadbed.  Load  capacity.  Relation  to  ballast.  Allowable  pressures. 
No  report. 

2.  Natural  waterways:   Prevention  of  erosion. 

Final  report — submitted  for  adoption    page  490 

3.  Culverts: 

(a)  Specifications  for  perforated  pipe  for  subdrainage. 

Final  report — submitted  for  adoption   page  497 

(b)  Specifications  for  structural  plate  pipe  and  arches. 

Final  report — submitted  for  adoption   page  499 

4.  Formation  of  the  roadway:   Recent  grading  projects. 

Progress  report — presented  as  information   page  507 

5.  Roadway  drainage:  Adherence  to  recommended  practice. 

Final   report — presented   as   information    page  513 

6.  Roadway  protection: 

(a)  Retaining  structures: 

(1)  Cribbing;  timber,  concrete. 

(2)  Walls;  dry  rubble,  masonry. 

Final  report — submitted  for  adoption    page  514 

(b)  Stabilization  of  roadbed:  Report  on  methods  used. 

Progress  report — presented  as  information   page  515 
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7.  Tunnels:  Report  on  recent  tunnel  construction  and  maintenance  problems. 
No  report. 

8.  Fences: 

(a)  Corrosion-resisting  fence  wire,  collaborating  with  appropriate  subcommittees  o< 
Committee  A-5  on  Corrosion  of  Iron  and  Steel,  ASTM. 

(b)  Investigate  extent  of  use  of  concrete  fence  posts. 
No  report. 

9.  Signs:  Specifications  and  plans  for  telltales — overhead  and  side. 

Progress  report — presented  as  information   page  519 

10.  Ballast  specifications. 

Progress  report — presented  as  information   page  526 

11.  Ballast  cleaning. 

Progress  report — presented  as  information   page  530 

12.  Ballast  tests:  Develop  relationship  of  ballast  materials  between  service  behavior  and 
results  obtained  from  Los  Angeles  testing  machine. 

Final  report — presented  as  information    page  532 

13.  Special  ballast: 

(a)  Investigate  the  use  of  asphalt  in  ballast. 

Progress  report — presented  as  information page  543 

(b)  Use  of  grout  in  ballast. 

Progress  report — presented  as  information   page  543 

The  Committee  on  Roadway  and  Ballast, 

A.  E.  Botts,  Chairman. 


Report  on  Assignment  2 

Natural  Waterways:  Prevention  of  Erosion 

L.  S.  Rose  (chairman,  subcommittee),  F.  W.  Biltz,  R.  L.  Dyke.  G.  W.  Miller,  C  P. 
Nicholson,  J.  A.  Noble,  M.  C.  Patton,  C.  S.  Robinson,  C.  D.  Turley. 

This  report  is  submitted  for  adoption  and  publication  in  the  Manual. 

II  NATURAL  WATERWAYS 

204.  PREVENTION  OF  EROSION 

A.  REDUCTION  OF  GRADIENT,  CHECK  DAMS 

1943 

The  reduction  of  stream  gradient  by  means  of  check  dams  as  an  erosion  preventive 
is  practical  only  where  the  major  portion  of  the  channel  material  is  of  such  size  as  not 
to  require  too  great  a  reduction  in  velocity  to  prevent  transportation,  where  the  natural 
slope  of  the  stream  is  not  so  great  as  to  make  necessary  a  prohibitive  number  of  check 
dams  and  where  the  length  of  channel  section  to  be  controlled  falls  within  economic 
limits. 
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Check  dams  act  as  vertical  drops  or  steps  in  the  channel  floor  and  make  possible  a 
reduction  of  the  natural  channel  slope  between  them.  The  reduction  in  slope  results  in 
a  reduction  in  stream  velocity  and  the  energy  developed  by  the  falling  water  at  the 
drops  is  dissipated  upon  the  aprons  of  the  check  dams.  It  is  therefore  possible  by  this 
means  to  reduce  the  stream  velocity  above  the  railway  to  one  which  will  not  transport 
channel  materials  which  have  formerly  been  deposited  in  the  waterway  opening.  It 
would  not  be  practical  to  attempt  to  stop  the  transportation  of  the  finer  materials,  such 
as  fine  sand  or  silt  which  would  be  held  in  suspension  through  the  opening. 

To  determine  the  correct  channel  slope  two  factors  must  be  considered;  first,  the 
maximum  permissible  velocity  of  flow;  second,  the  channel  cross-section  best  fitting  the 
existing  physical  conditions. 

The  maximum  permissible  velocity  of  flow  can  best  be  determined  by  observation 
and  experience.  No  rule  can  be  expressed  for  determining  the  safe  maximum  velocity  as 
it  is  dependent  upon  the  size  and  shape  of  the  materials  and  the  manner  in  which  nature 
has  laid  them  down.  Experience,  however,  has  demonstrated  that  a  mean  velocity  of 
eight  feet  per  second  with  a  bottom  velocity  of  about  six  feet  per  second  will  not  cause 
serious  movement  of  ordinary  creek  gravel  mixed  in  size  from  about  one  cubic  inch  up. 

Check  dams  do  not  impound  water.  Therefore,  a  larger  wetted  cross-section  of 
channel  must  be  provided  to  compensate  for  the  reduction  in  velocity  of  flow.  The  de- 
termination of  the  channel  cross-section  may  be,  in  varying  degree,  controlled  by  existing 
conditions,  both  natural  and  man-made.  Structures  too  expensive  to  enlarge  may  span 
the  stream  in  the  reach  to  be  controlled.  If  such  structure  dimensions  fall  within  per- 
missible limits  they  can  be  used  as  the  determining  factor  of  channel  width.  If  not,  it 
may  be  necessary  to  accelerate  the  flow  at  such  points  by  providing  a  steeper,  narrower 
channel,  paved  or  in  a  flume  to  prevent  erosion.  In  such  cases  it  would  be  necessary  to 
install  baffles  or  a  stilling  pool  at  the  foot  of  such  a  reach  unless  it  terminates  below 
the  railway  bridge. 

As  near  as  practicable,  the  size  of  the  channel  should  be  such  that  the  excavated 
material  will  just  be  sufficient  to  bring  the  levees  and  channel  bed  to  the  desired  grade 
line.  Other  factors,  however,  may  control.  For  instance,  as  the  channel  width  is  in- 
creased, the  depth  for  a  given  flow  and  the  hydraulic  radius  are  reduced.  The  reduction 
in  hydraulic  radius  permits  a  steeper  slope  for  an  assumed  maximum  velocity.  A  steeper 
slope  requires  fewer  or  lower  check  dams  to  provide  the  necessary  vertical  drop  but 
even  where  conditions  permit,  this  factor  has  economic  and  physical  limits — the  wider 
the  channel  the  longer  the  check  dams — and  there  is  also  a  tendency  of  the  stream, 
during  low  stage  flow,  to  cut  secondary  channels  if  the  main  channel  is  too  wide  for 
uniform  flow  at  such  stages. 

Having  selected  for  trial  a  practical  channel  width,  the  next  step  is  to  determine  the 

depth  of  water  which,  at  the  required  maximum  velocity,  will  deliver  the  pre-determined 

flood  flow.    For  example,  a  typical  installation  as  shown  in  Fig.  120  is  used,  where  the 

assumed  mean  velocity  is  8  ft.  per  sec.  and  the  maximum  flow  is  2,800  cfs.  The  wetted 

2,800 
channel  area  then  equals  — z —  or  350  sq.  ft. 

A  practical  channel  width  is  65  ft.  and  it  was  found  by  trial  that  with  side  slopes 
of  1J^  to  1,  the  water  depth  would  be  4.84  ft.  In  some  cases  it  may  be  desirable  to  use 
flatter  side  slopes.  Using  the  V/2  to  1  side  slopes  and  a  water  depth  of  4.84  ft.,  the 
wetted  side  slope  is  8.73  ft.  and  for  both  side  slopes,  plus  the  65  ft.  base,  the  wetted 
perimeter,  P,  is  82.46  ft.  The  wetted  area,  A,  of  the  proposed  channel  with  a  depth  of 
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a  340  74 

4.84  ft.  is  349.74  sq.  ft.  The  hydraulic  radius,  R,  =  —  ,  or  in  this  case '—-  ,  or 

P  82.46 

R  =  4.24. 

With  the  hydraulic  radius  determined,  the  next  step  is  to  find  the  channel  slope 

which  will  produce  the  desired  velocity  of  8  ft.  per  sec.  This  can  be  done  by  using  the 

following  (Kutters)  formula: 

(     4i.6S   +-LglL+   °00281 


Vm  = 


I  0.00281  \       n 

1  + (41.65  +-5—  JV*. 


V  RS 


In  the  example  given,  the  coefficient  of  channel  roughness,  n,  =  0.035  and  R  =  4.24,  as 
developed  above.  A  diagrammatic  solution  of  the  formula  will  be  of  great  assistance  as 
the  slope,  S,  in  feet  per  foot,  must  be  found  by  the  trial  and  error  method.  It  is  found 
that  by  using  0.005  for  S,  the  mean  velocity  obtained  is  7.97  ft.  per  sec.  Therefore,  a 
slope  of  0.5  percent  was  used,  as  indicated  in  Fig.  120. 

With  the  required  channel  slope  determined,  the  total  amount  of  vertical  drop 
needed  to  compensate  for  the  change  in  channel  slope  is  easily  computed  by  figuring  the 
difference  in  elevations  attained  by  the  existing  and  the  proposed  slopes  for  the  length 
of  channel  to  be  controlled.  In  the  example  the  difference  between  the  1.77  percent  natural 
channel  slope  and  the  proposed  slope  of  0.5  percent  is  1.27  percent,  which  for  the  2,805 
ft.  of  channel  treated  equals  35.6  ft.  This  total  drop  was  divided  into  seven  steps. 
Check  dam  No.  7,  however,  was  constructed  10  ft.  high  so  that  it  projected  well  above 
the  old  channel  bed  in  order  to  create  a  pool  or  settling  basin  above.  This  was  done  in 
order  to  stop  the  transportation  of  material  from  above  which  might  be  carried  into  the 
controlled  section  in  the  event  of  a  flood  discharge  greater  than  the  designed  maximum 
of  2,800  cfs.  When  the  basin  becomes  filled,  the  floor  of  the  channel  is  raised  for  some 
distance  above  the  check  dam;  the  slope  and  stream  velocity  are  thereby  reduced  and 
added  control  results. 

The  correct  locations  for  the  check  dams  can  best  be  determined  by  starting  at  a 
control  point.  In  Fig.  120  this  is  at  the  upper  end  of  the  concrete  flume  but  in  most  cases 
the  control  point  will  be  at  the  railway  bridge.  From  that  point  the  proposed  grade 
line,  superimposed  upon  the  profile  of  the  existing  channel  bed,  will  indicate  approxi- 
mately the  points  where  the  check  dams  should  be  constructed  so  as  to  reduce  necessary 
lateral  movement  of  the  excavated  material  to  a  minimum.  The  trial  locations  can  be 
shifted  for  greater  economy  of  design  when  the  channel  cross-sections  are  studied.  It 
may  be  found  desirable  to  alter  somewhat  the  channel  alinement,  although  no  attempt 
should  be  made  to  provide  a  straight  channel.  It  is  possible,  however,  that  some  sharp 
bends  should  be  eased. 

Another  point  to  consider  in  selecting  the  best  locations  for  the  check  dams  is  that 
of  stabilized  flow.  The  reaches  between  the  check  dams,  where  the  discharge  is  between 
1,000  and  3,000  cfs.,  should  be  at  least  200  ft.  long  and  preferably  longer.  It  is  impor- 
tant, in  theory  at  least,  that  all  turbulence  caused  by  the  water  falling  at  one  check  dam 
be  eliminated  before  reaching  the  next.  This  may  in  some  degree  control  the  height  of 
the  check  dams  as  it  may  be  necessary  to  increase  the  height  in  order  to  secure  sufficient 
distance  between  them. 

If  the  check  dam  treatment  of  a  stream  is  to  be  practical,  the  physical  conditions 
must  be  such  that  the  necessary  length  of  treated  section  falls  within  economic  limits 
and  terminates  at  a  point  where  a  minimum  of  transported  material  will  be  carried  from 
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above  into  the  improved  section.  There  will  be  no  particular  advantage  and  may  be 
added  expense  if  the  point  from  which  transported  material  must  be  removed  is  changed 
from  the  immediate  vicinity  of  the  railway  structure  to  one  considerably  upstream.  One 
of  three  natural  conditions  may  be  found  which  will  afford  a  suitable  upper  limit  of  the 
improvement.  These  are  (1)  where  the  natural  stream  profile  flattens  so  that  the  slope 
produces  a  non-erosive  velocity;  (2)  where  the  flood  plane  widens,  causing  a  drop  in 
velocity  and  a  deposit  of  materials  brought  from  above  and;  (3)  where  the  channel 
emerges  from  a  type  of  material  which  is  not  eroded  by  the  uncontrolled  stream  velocity. 
It  may  be  found  that  the  improved  channel  section  need  not  be  continuous  but  can  be 
installed  in  separate  sections  from  which  material  is  being  carried.  It  may  also  be 
necessary  to  control  by  the  same,  or  some  other  method,  small  feeder  streams  which 
enter  the  main  stream  within  the  limits  of  the  controlled  section. 

At  the  upper  limit  of  the  controlled  section  provision  may  be  required  which  will 
assure  the  flow  of  all  the  water  over  the  upper  check  dam  and  into  the  enlarged  channel 
between  the  levees.  Where  the  improvement  terminates  in  a  narrow  gorge,  no  such  provi- 
sion will  be  necessary  but  where  this  is  not  the  case  it  may  be  necessary  to  construct 
low  dams  of  some  type  extending  from  the  anchor  crib  of  one  or  both  ends  of  the 
upper  check  dam  to  points  beyond  the  limits  of  the  flood  plane.  Such  a  barrier,  if  con- 
ditions are  favorable,  may  be  so  constructed  as  to  serve  as  a  fuse  plug  which  would  be 
over-topped  by  a  discharge  greater  than  the  capacity  of  the  improved  channel  and 
thereby  prevent  damage  to  the  levees  and  check  dams. 


CHANNEL  AND  LEVEES 

Usually  the  natural  channel  over  the  section  to  be  treated  will  be  cut  in  material 
which  has  been  deposited  during  the  receding  of  past  flood  stages.  With  the  velocity 
of  flow  controlled,  this  material  is  suitable  for  use  in  the  channel  sides  or  levees. 
It  is  probably  advisable  to  slope  the  sides  1J4  to  1,  although  slopes  of  1J^  to  1  have 
stood  for  several  years  with  very  little  movement.  What  movement  has  occurred  is  due 
to  the  washing  out  of  the  finer  materials  which  are  transported  even  at  the  controlled 
velocity.  This  causes  some  settlement  at  first  but  with  no  appreciable  change  in  channel 
section. 

The  top  of  the  levees  should  have  a  minimum  width  of  three  feet  and  be  at  least 
two  feet  above  assumed  maximum  high  water  elevation.  Borrow  for  levee  construction 
and  waste  from  channel  excavation  can  be  reduced  to  a  minimum  by  the  proper  ad- 
justment of  the  proposed  grade  line  and  alinement  with  relation  to  the  natural  grade 
and  line.  As  already  stated,  a  satisfactory  balance  can  be  obtained  by  shifting  somewhat 
the  locations  of  the  check  dams. 

In  small  streams  where  the  levees  are  within  the  working  range  and  where  low 
stream  flow  permits,  the  channel  work  can  best  be  performed  by  a  shovel  working 
within  the  channel.  On  larger  streams,  dragline  outfits  will  be  necessary,  working  from 
one  or  both  sides.  The  side  slopes  and  channel  bed  should  be  hand-dressed  to  uniform 
line  and  grade  so  as  to  insure  smooth  hydraulic  action. 

Rip  rap  paving  should  be  installed  across  the  channel  bed  from  the  edge  of  the 
check  dam  aprons  for  a  width  of  four  to  six  feet  and  the  side  slopes  should  be  similarly 
protected  at  both  the  upper  and  lower  ends  of  the  anchor  cribs. 

Surface  drainage  from  outside  the  levees,  if  necessary,  can  be  conducted  to  the 
channel  by  the  installation  of  pipes  through  the  levees.  In  most  cases  such  pipes  would 
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be  above  the  maximum  high  water  elevation  in  the  channel.  If  this  is  not  the  case  at 
the  natural  point  of  entrance,  the  water  can  be  conducted  to  a  point  where  entrance  to 
the  channel  can  be  made  just  below  a  check  dam  where  the  water  surface  drops.  Such 
an  installation  was  made  at  Sta.  20  +  00  in  Fig.  120. 

Mention  has  been  made  above  to  the  possible  need  of  high  velocity  flows  through 
sections  of  the  improvement,  due  to  restrictive  waterway  openings.  Openings  which 
have  been  adequate  under  natural  stream  velocity  may  not  afford  sufficient  opening 
under  the  reduced  velocity.  This  might  be  the  case  at  the  railroad  bridge.  If  so,  the 
bridge  span  must  be  increased  or  some  type  of  high  velocity  drop  structure,  or  a  con- 
duit operating  under  head  must  be  installed.  Structures  for  this  purpose,  which  vary 
widely  in  detail  of  design,  do  not  fall  within  the  scope  of  this  subject. 

This  method  of  stream  control  has  no  effect  upon  the  quantity  of  discharge  as  the 
same  amount  of  water  will  pass  through  the  railway  opening  in  a  given  time  as  was 
passed  before  the  improvement  was  made,  therefore  no  consideration  need  be  given  to 
channel  or  other  conditions  below  the  railway  except  that  the  channel  should  be  of 
sufficient  capacity  for  a  sufficient  distance  so  that  no  back  water  effect  will  result  at  the 
railway  opening. 

CHECK  DAMS 

The  term  "Check  Dam"  in  this  report  means  structures  which  provide  vertical  steps 
in  the  channel  floor.  "Check"  means  a  check  of  velocity  and  not  a  check  of  channel 
materials  or  quantity  of  water. 

So  long  as  the  purpose  of  the  check  dam  is  obtained,  and  stability  assured,  the 
design  and  choice  of  materials,  in  most  cases,  can  be  determined  by  the  economic  factor. 
Those  illustrated  in  Fig.  120  are  open-faced  cribs,  constructed  of  oak  poles,  obtained 
locally,  and  with  oak  plank  decks  and  aprons.  All  intersections  of  crib  members  are 
fastened  with  Y^  inch  genuine,  wrought  iron  drift  pins.  The  planks  are  held  in  place 
with  boat  spikes.  This  particular  design  has  proved  very  stable.  The  check  dams  were 
designed  to  pass  the  2,800  cfs.  with  a  S-ft.  head  but  in  1935  when  the  drainage  area 
received  over  7  in.  of  rain  during  one  storm  the  water  was  over  the  tops  of  the  anchor 
cribs  and  it  was  estimated  that  over  6,000  cfs.  was  passed,  without  damage  to  the 
structures.  This  storm,  however,  demonstrated  the  need  of  rip  rap  protection  of  the 
slopes  at  both  the  upper  and  lower  ends  of  the  anchor  cribs. 

Another  design  of  timber  construction  is  illustrated  in  Fig.  121.  This  design  was 
developed  for  the  treatment  of  smaller  streams  where  the  maximum  runoff  is  assumed 
at  from  400  to  1,000  cfs.  The  design  permitted  the  use  of  salvaged,  treated  timber 
released  from  bridge  decks.  It  has  been  used  in  check  dams  up  to  nine  feet  high  although 
experience  indicates  that  a  height  of  about  six  feet  is  the  most  economical.  The  apron  in 
this  design  is  constructed  below  the  grade  line  and  a  sill  is  placed  across  the  down- 
stream end.  This  creates  a  pool  which  serves  as  a  cushion  for  the  falling  water  and 
reduces  turbulence  where  it  enters  the  earth  channel.  The  anchor  cribs  have  closed  faces 
and  ends  because  at  the  points  they  were  installed  large  stones  were  not  available  in 
sufficient  quantities  to  chink  the  open  spaces  and  prevent  washing  out  of  the  finer 
backfill  materials. 

If  more  permanent  construction  is  desired,  concrete  can  be  used,  either  plain  or 
reinforced.  Concrete  check  dams  should  have  the  aprons  protected  with  plank,  or  an 
adequate  water  cushion  should  be  provided  in  the  design. 
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Some  commercially  manufactured  concrete  crib  members  also  afford  easy  adaptation 
for  both  the  spillway  and  anchor  cribs.  With  such  construction,  reinforced  slab  or  timber 
plank  aprons  should  be  provided. 

Where  sufficient  penetration  to  insure  stability  can  be  secured,  low  check  dams 
could  be  formed  by  driving  sheet  piling  across  the  channel.  The  height  could  be  increased 
somewhat  by  suitable  anchorage. 

CONCLUSIONS 

Where  annual  maintenance  costs  justify  the  expenditure  and  where  the  conditions 
fall  within  the  limits  described  in  the  foregoing,  this  method  of  stream  control  is 
recommended. 


Report  on  Assignment  3  (a) 

Specifications  for  Perforated  Pipe  for  Subdrainage 

W.  C.  Swartout   (chairman,  subcommittee),  J.  A.  Given,  Paul  McKay,  G.  W.   Miller, 
M.  C.  Patton,  H.  P.  Pickering,  C.  S.  Robinson,  L.  H.  Roden,  R.  G.  Scott. 

A  tentative  draft  of  these  specifications  for  corrugated  perforated  metal  pipe  for 
subdrainage  was  presented  last  year  as  information,  Proceedings,  Vol.  43,  p.  482,  with  a 
request  for  comments  and  criticisms.  However,  comments  were  received  only  from  mem- 
bers of  the  committee. 

The  committee  continued  its  study  during  the  past  year  and  a  number  of  revisions 
which  were  deemed  desirable  have  been  incorporated  in  the  specifications  now  presented. 
These  specifications  cover  a  material  used  successfully  in  curing  water  pockets  in  the 
roadbed,  particularly  under  tracks  carrying  fast  heavy  traffic  and  wide  yard  layouts. 
Few  conditions  are  encountered  which  absorb  more  of  the  money  spent  for  line  and  sur- 
face, with  less  to  show  for  it,  than  water  pockets  and  this  is  particularly  true  if  the 
pockets  are  at  all  aggravated.  Of  the  several  methods  employed  for  curing  this  condition, 
subdrainage  is  used  as  often  if  not  more  than  any  other. 

The  committee  is  fully  cognizant  of  the  fact  that  the  specification  covers  material 
not  now  obtainable  due  to  the  necessity  of  diverting  iron  and  steel,  most  vital  of  all  war 
materials,  to  the  furthering  of  the  war  effort.  However,  as  the  work  on  this  assignment 
was  well  progressed,  it  has  seemed  desirable  to  complete  it  so  that  these  specifications 
will  be  available  when  the  emergency  is  over,  and  the  railroads  will  again  be  able  to 
carry  out  essential  improvement  and  maintenance  work. 

The  following  specifications  are  submitted  with  the  recommendation  that  they  be 
adopted  and  published  in  the  Manual. 

Ill  CULVERTS 

305.  CORRUGATED  METAL  CULVERTS 

SPECIFICATIONS  FOR  CORRUGATED  METAL  PIPE 
FOR  SUBDRAINAGE 

1.  Scope 

These  specifications  cover  corrugated  metal  pipe  for  use  as  underdrains.  Unless  other- 
wise specified,  the  pipe  shall  be  perforated. 
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2.  General  Requirements 

Except  as  herein  modified,  the  pipe  shall  comply  with  the  applicable  sections  of  the 
AREA  Specifications  for  Corrugated  Metal  Culverts.  When  6-inch  or  8-inch  pipe  is 
specified,  the  pipe  may  be  either  riveted  pipe  conforming  to  the  specifications  referred 
to,  or  it  may  be  pipe  having  helical  corrugations  which  are  continuous  from  end  to  end 
of  each  length  of  pipe,  with  a  continuous  lock  seam  paralleling  the  corrugations,  or  a 
continuous  welded  longitudinal  seam.  The  seam  shall  be  so  constructed  as  not  to  affect 
the  shape  or  nominal  diameter  of  the  pipe,  nor  shall  it  reduce  the  strength  of  the  pipe. 

3.  Corrugations 

The  corrugations  shall  be  true  circular  arcs  connected  by  tangents.  If  pipe  with 
helical  corrugations  is  supplied,  the  corrugations  shall  have  a  pitch  of  not  less  than  1% 
inches  nor  more  than  1^4  inches  center  to  center  of  crests,  measured  at  right  angles  to 
the  direction  of  the  corrugations,  and  the  depth  of  corrugations  shall  be  not  less  than 
%  inch. 

4.  Perforations 

Perforations  shall  be  approximately  }i  inch  in  diameter  as  measured  on  the  finished 
pipe  and  shall  be  located  in  the  inside  crests  of  the  corrugations.  Perforations  shall  be  in 
longitudinal  rows  spaced  on  approximately  lj^-inch  centers  in  circumferentially  cor- 
rugated pipe  and  on  approximately  1-inch  centers  in  helically  corrugated  pipe,  and  ex- 
tending to  within  4  inches  of  each  end  of  each  length  of  pipe. 

Perforations  may  be  made  after  or  before  the  pipe  is  galvanized  and  the  rows  may 
be  in  one  group  extending  over  approximately  one-third  the  periphery  of  the  pipe,  or  in 
two  groups  with  half  the  number  of  rows  on  either  side  of  an  unperforated  segment  of 
approximately  90  degrees,  as  specified. 

The  total  number  of  rows  of  perforations  and,  when  in  two  groups,  the  width  of 
the  unperforated  segment,  shall  be  as  given  in  Table  1. 

5.  Gage  and  Weight 

The  average  weight  per  linear  foot  of  finished  pipe,  exclusive  of  end  finish,  shall 
not  underrun  the  computed  weight  as  given  in  Table  1  by  more  than  5  percent. 


Table  1  — 

DlMENSIOI 

IS,  Weight 

s,  Spacing  and  Per 

FORATION 

S 

Per/orations 

Weight  Per  L 

inear  Foot 

of  Pipe 

Total  No. 

Total  No. 

Width  Un- 

Corrugated, Computed 

of  Rows 

of  Rows 

perforated 

Helically 

Nominal 

When  in 

When  in 

Segment 

Corrugated 

Circumferent  ially 

Internal 

One 

Two 

when  Two 

Pipe, 

Corrugated  Pipe, 

Diameter 

Group 

Croups 

Croups 

Cage  Number 

Cage  Number 

(Inches) 

(Inches) 

IS         16 

16 

14 

12 

10 

6 

6 

6 

2.5 

3.  8       4.  7* 

8 

8 

6 

5.5 

5.  0       6.  2* 

7.3* 

10 

8 

6 

8.5 

9.0* 

12 

10 

6 

11.5 

10.5* 

13.1 

15 

10 

8 

13.5 

12.9 

16.  1* 

18 

15 

8 

18.0 

15.3 

19.  1* 

26.4 

21 

15 

10 

20.0 

17.7 

22.  1* 

30.6 

24 

20 

10 

23.0 

20.4 

25.2 

34.7* 

44.2 

30 

20 

12 

29.0 

30.9 

43.0* 

54.8 

36 

25 

12 

38.0 

37.1 

51.0 

65.4* 

*  Gages  marked  with  an  asterisk  are  those  ordinarily  used  for  track  subdrainage  installations,  but  gage  of 
pipe  shall  be  as  specified  on  the  plans  or  in  the  bid  invitation. 
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6.  Coupling  Bands 

Unless  otherwise  specified,  field  joints  shall  be  made  with  bands.  The  sheets  used 
for  the  bands  shall  be  galvanized  and  of  the  same  base  metal  as  that  in  the  pipe.  For 
18-gage  helically  corrugated  pipe  and  16-gage  circumferentially  corrugated  pipe,  bands 
shall  be  the  same  gage  metal  as  the  pipe.  For  heavier  gage  pipe,  bands  may  be  two 
gages  lighter  than  the  gage  of  the  pipe. 

The  bands  shall  be  at  least  7  inches  wide  for  diameters  of  6  inches  to  30  inches, 
inclusive,  and  at  least  12  inches  wide  for  36  inch  diameter  pipe. 

When  circumferentially  corrugated  pipe  is  supplied,  the  bands  shall  be  connected  at 
the  ends  by  galvanized  angles  having  minimum  dimensions  of  2  by  2  by  fk  inches. 
Bands  shall  be  fastened  by  J^-inch  diameter  galvanized  bolts,  using  at  least  two  bolts 
for  bands  7  inches  wide  and  3  bolts  for  bands  12  inches  wide. 

When  helically  corrugated  pipe  is  supplied,  the  bands  shall  have  corrugations  that 
mesh  with  the  corrugations  of  the  pipe.  The  bands  may  be  in  two  pieces.  Bands  shall 
be  fastened  by  two  2^-inch  diameter  galvanized  bolts  if  a  one-piece  band  is  supplied, 
or  by  four  J^-inch  diameter  galvanized  bolts  if  a  two-piece  band  is  supplied. 

Other  equally  effective  coupling  bands  may  be  provided,  prior  approval  of  the  pur- 
chaser having  been  secured. 


Report  on  Assignment  3  (b) 
Specifications  for  Structural  Plate  Pipe  and  Arches 

W.  C.  Swartout   (chairman,  subcommittee),  J.  A.   Given,  Paul  McKay,  G.  W.  Miller, 
M.  C.  Patton,  H.  P.  Pickering,  C.  S.  Robinson,  L.  H.  Roden,  R.  G.  Scott. 

A  tentative  draft  of  the  specifications  for  structural  plate  (trade  names  Multiplate 
and  Sectional  Plate)  culverts  and  arches  was  presented  to  the  Association  last  year  as 
information,  Proceedings,  Vol.  43,  p.  483,  with  a  request  for  criticisms.  Comments  were 
received  only  from  committee  members. 

The  committee  continued  its  study  during  the  past  year  and  has  found  a  rather 
general  revision  desirable. 

There  is  a  definite  need  for  these  specifications,  because  many  structures  on  the  rail- 
roads have  been  constructed  of  plates  ranging  from  7  to  1  gage  with  6-in.  corrugations 
since  the  material  was  introduced  in  1931  without  the  benefit  of  any  specifications  except 
the  applicable  paragraphs  in  the  specifications  for  corrugated  culverts. 

Attention  is  directed  to  the  third  paragraph  of  the  report  on  Assignment  3  (a)  which 
applies  with  equal  force  to  this  assignment. 

The  following  specifications  are  submitted  with  the  recommendation  that  they  be 
approved  and  published  in  the  Manual. 


500 ^ Roadway    and    Ballast 

III  CULVERTS 

305.  CORRUGATED  METAL  CULVERTS 

A.  DESIGN  AND  SPECIFICATIONS 

3.  SPECIFICATIONS  FOR  CORRUGATED  STRUCTURAL  PLATE 
CULVERTS  AND  ARCHES 

I  GENERAL 

1.  Scope 

These  specifications  include  material  used  in  field  construction  of  culvert  (drainage) 
structures  which  are  too  large  for  transportation  as  finished  structures. 

II  MATERIAL 

2.  Description  of  Plates 

Plates  shall  consist  of  structural  units  of  galvanized  corrugated  metal.  The  corruga- 
tions shall  run  at  right  angles  to  the  longitudinal  axis  of  the  structure  and  shall  have  a 
pitch  of  6  inches  with  a  tolerance  of  J4  inch  and  a  depth  of  \y2  inches  with  a  tolerance 
of  yb  inch,  plus  or  minus.  Standard  plates  shall  have  a  covering  width  of  not  less  than 
47  inches,  measured  along  the  neutral  axis  of  the  plate  and  shall  be  available  in  nominal 
lengths  of  10  feet,  ll/2  feet  and  5  feet*  The  plates  shall  be  of  No.  10,  No.  8,  No.  7, 
No.  5,  No.  3  or  No.  1  U.  S.  standard  gage  (exclusive  of  spelter  coating). 

The  gage  of  plates  and  radii  of  curvature  shall  be  as  shown  on  the  plans. 

The  plates  at  longitudinal  and  circumferential  seams  shall  be  connected  by  bolts. 
Circumferential  seams  shall  be  staggered,  so  that  no  circumferential  seam  shall  be  con- 
tinuous for  a  greater  distance  than  the  width  of  the  plates. 

3.  Base  Metal 

The  base  metal  of  the  corrugated  plates  shall  be  made  by  the  open  hearth  process 
and  shall  conform  in  chemical  properties  to  the  requirements  of  Table  101  of  the  speci- 
fication for  corrugated  metal  pipe  for  the  particular  class  of  metal. 

4.  Spelter  Coating 

A  coating  of  prime  western  spelter  or  equal  shall  be  applied  by  the  hot-dip  process 
at  the  rate  given  below  per  square  foot  of  double-exposed  surface. 
Pipe  60  to  120  inches  in  diameter  (inclusive)  and  arches: 

No.  8  to  No.  10  gage,  incl.,  2  ounces  or  3  ounces  as  specified 
No.  1  to  No.    7  gage,  incl.,  3  ounces 

Pipe  135  to  180  inches  in  diameter  (inclusive)  3  ounces 

If  the  average  spelter  coating  as  determined  from  the  required  samples  is  less  than 
the  amount  specified  above,  or  if  any  one  specimen  shows  a  deficiency  of  0.2  ounces 
where  a  2-ounce  coating  is  specified,  or  a  deficiency  of  0.3  ounce  in  the  case  of  a 
3-ounce  coating  requirement,  the  lot  sampled  shall  be  rejected.  Spelter  coating  shall  be 
of  first-class  commercial  quality,  free  from  injurious  defects,  such  as  blisters,  flux  and 
uncoated  spots. 


*  Plates  have  approximately  a  2-inch  lip  beyond  each  end  crest,  which  results  in  the  actual  length 
of  a  given  structure  being  approximately  4  inches  longer  than  the  nominal  length,  except  when  skewed 
or  beveled.  In  constructing  footings  for  arches,  this  additional  length  must  be  provided  for. 
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All  pipe  and  arches  for  which  3-ounce  spelter  coating  is  required  shall  be  galvanized 
after  fabrication.  When  gages  No.  8  and  lighter  are  used,  the  metal  may  be  galvanized 
either  before  or  after  fabrication. 

5.  Sampling 

For  testing  the  weight  of  the  spelter  coating  and  for  chemical  analysis  of  the  base 
metal,  when  required,  a  sample  approximately  3  inches  square,  or  a  sample  of  equivalent 
area,  shall  be  cut  from  the  corner  of  one  plate  in  each  100  plates  of  a  shipment  or 
fraction  thereof. 

6.  Chemical  Analysis  and  Tests  for  Spelter  Coating 

When  required,  the  chemical  analyses  of  base  metal  shall  be  made  in  accordance 
with  current  ASTM  Specification  E  30. 

The  test  for  weight  of  spelter  coating  shall  be  made  in  accordance  with  the  hydro- 
chloric acid-antimony  chloride  method  as  described  in  current  ASTM  Standard 
Method  A  90. 

7.  Identification 

No  plates  shall  be  accepted  unless  the  metal  is  identified  by  a  stamp  on  each 
plate  showing: 

1.  Name  of  base  metal  manufacturer 

2.  Name  of  brand  and  kind  of  base  metal 

3.  Gage  number 

4.  Weight  of  spelter  coating 

-    -r,  ,    ,  .      }  heat  number 

5.  Identification  symbols  showing  j  , 

°  (  pot  number 

The  identification  brands  shall  be  so  placed  that  when  the  pipe  or  arch  is  erected, 
the  identification  will  appear  on  the  inside  of  the  structure. 

8.  Bolts 

Bolts  for  connecting  plates  shall  be  not  less  than  ii  inch  in  diameter  of  proper 
length  to  accommodate  the  number  of  plate  laps,  and  shall  be  hot-dip  galvanized.  The 
threads  shall  be  American  National  Coarse  Thread  Series,  Class  2  fit. 

Bolts  shall  meet  the  following  physical  test  requirements: 

Minimum  tensile    strength    110,000  lb.  per  sq.  in. 

Minimum  shear    80,000  lb.  per  sq.  in. 

Minimum  reduction  of  area  35  percent 

Brinell  hardness  between  the  limits   241-286 

The  tests  shall  be  made  on  finished  bolts.  Unless  otherwise  authorized,  the  bolts 
shall  be  furnished  so  they  may  be  sampled  and  tested  before  erection  is  commenced. 

Bolt  heads  and  nuts  shall  be  of  special  design  to  provide  even  and  uniform  bearing 
on  the  curved  corrugated  surfaces  or  special  washers  shall  be  used. 

9.  Gage  Determination  and  Tolerance 

Where  mill  or  factory  inspection  is  employed,  the  gage  shall  be  determined  by  the 
weight  of  flat  plates  before  corrugating.  The  average  weight  of  any  one  lot  of  plates 
shall  not  underrun  the  theoretical  weight  by  more  than  5  percent  and  no  individual 
plate  shall  underrun  the  theoretical  weight  by  more  than  10  percent. 
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10.  Field  Inspection  and  Acceptance  of  Plates 

The  field  inspection  shall  be  made  by  the  Engineer,  who  shall  be  furnished  by  the 
manufacturer  with  an  itemized  statement  of  the  number  and  length  of  the  plates  in 
each  shipment. 

Each  plate  included  in  a  shipment  failing  to  meet  the  requirements  of  these  speci- 
fications shall  be  rejected,  and  if  25  percent  of  the  plates  fail  to  meet  the  requirements 
the  entire  shipment  may  be  rejected. 

Ill  FABRICATION 

11.  Forming  and  Punching  Plates 

Each  plate  shall  be  curved  to  the  proper  radius,  and  the  bolt  holes  shall  be  so 
punched  that  all  except  end  plates  shall  be  interchangeable  in  the  erection  process;  except 
that  the  plates  used  in  the  two  bottom  segments  of  the  arch  shall  be  punched  with  one 
row  of  bolt  holes  adjacent  to  the  longitudinal  edge  of  the  plate  which  is  to  rest  upon 
the  pier  or  abutment. 

Unless  otherwise  specified,  bolt  holes  along  those  edges  of  the  plates  that  will  form 
longitudinal  seams  in  the  finished  structure  shall  be  staggered  in  rows  2  inches  apart, 
with  one  row  in  the  valley  and  one  in  the  crest  of  the  corrugations. 

Bolt  holes  along  those  edges  of  the  plates  that  will  form  circumferential  seams  in 
the  finished  structure  shall  provide  for  a  bolt  spacing  of  approximately  12  inches. 

The  minimum  distance  from  center  of  holes  to  the  edge  of  the  plate  shall  be  l$i 
times  the  diameter  of  the  bolt.  The  diameter  of  the  bolt  hole  shall  not  exceed  the 
diameter  of  the  bolt  by  more  than  J/%  inch. 

When  the  completed  structure  is  to  be  a  full  circle  pipe,  the  plates  shall  be  so 
curved  that  when  bolted  together,  true  circles  shall  be  formed  of  the  required  diameter. 
The  diameter  of  the  pipe,  in  inches,  divided  by  15,  shall  determine  the  number  of  plates 
required  to  make  a  full  circle,  unless  otherwise  shown  on  the  plans.  When  the  com- 
pleted structure  is  to  be  an  elliptically  shaped  pipe,  the  plates  shall  be  curved  to  the 
radii  shown  on  the  plans. 

Plates  for  forming  skewed  or  sloped  ends  shall  be  cut  so  as  to  give  the  angle  of 
skew  or  slope  specified.  Burnt  edges  shall  be  free  from  oxide  or  burrs,  shall  present  a 
workmanlike  finish  and  legible  identification  numerals  shall  be  placed  on  each  part  plate 
to  designate  its  proper  position  in  the  finished  structure. 

IV  DESIGN 

12.  Gage  of  Side  and  Top  Plates  for  Pipe  Structures 

Table  1.  Pipe  Under  Track 

Diam.  of  Pipe  Height  of  Cover' Above  Top  of  Pipe,  Ft. 

Inches  3-10       1 1-20  21-30       31-40       41-50       51-60       61-80 

60 8  8  8              8              7              5              3 

75 7  8  8              7              5              3 

90 5  7  7               5              3 

105 5  5  5              3               1 

120 3  5  3               1 

135 1  3  1 

150 1  1  1 

165 1 

180 1 

Note:  Unless  otherwise   indicated  on   the  plans  or   in   the  gage   table,   all   pipe  shall   be   elongated 
vertically  3  percent  before  placement  of  fill,  in  accordance  with  Section  23  of  this  specification. 
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Table  2.  Pipe  Not  Under  Track 

Diam.  of  Pipe 

Height 

of  Cover  Above  Top 

of  Pipe 

',  Feet 

Inches 

2-5 

6-10 

11-15 

16-20 

21-25 

26-30 

31-40 

41-50  51-60  61-80 

10  or 

10  or 

10  or 

10  or 

8  or 

7  or      3  or 

60. 

10* 

10* 

10* 

8* 

8* 

7* 

5* 

3* 

3*         1* 

10  or 

10  or 

10  or 

8  or 

8  or 

7  or 

75. 

10* 

10* 
10  or 

8* 
10  or 

7* 
8  or 

5* 

8  or 

5* 
8  or 

3* 

1* 

5          3 

90. 

10 

8* 

7* 
8  or 

5* 
7  or 

3* 

7  or 

1* 

7 

5 

3 

105. 

10 

8 
8  or 

5* 
7  or 

3* 
5  or 

1* 

5 

5 

3 

120_ 

10 

5* 
7  or 

3* 
5  or 

1* 

5 

5 

3 

1 

135. 

8 

3* 

1* 

5 

3 

3 

1 

150. 

8 

5 

5 

3 

3 

1 

1 

165. 

7 

5 

3 

3 

1 

1 

180. 

7 

5 

3 

3 

1 

1 

1 

1  Gages  shown 

with   ( 

*)   need 

not  be  strutted. 

13.  Minimum  and  Maximum  Heights  of  Cover  for  Pipes 

For  pipe  structures  under  track,  the  height  of  cover  measured  from  base  of  rail  to 
top  of  pipe  shall  be  not  less  than  half  the  diameter  of  the  pipe.  For  pipe  not  under 
track,  the  height  of  cover  shall  be  not  less  than  2  feet. 

The  maximum  height  of  cover  as  shown  in  the  tables  for  strutted  pipe  may  be 
increased  SO  percent  provided  that  the  number  of  bolts  used  per  foot  of  longitudinal 
seam  is  increased  from  4  to  6,  and  provided  No.  1  gage  is  used. 

14.  Gage  of  Bottom  Plates  for  Pipes 

For  pipes  having  a  lighter  gage  than  No.  1,  the  bottom  plates,  to  increase  abrasion 
resistance,  shall  have  the  next  heavier  gage  shown  in  the  gage  table,  unless  otherwise 
provided  by  supplemental  specifications  or  by  notes  on  the  plans. 

15.  Gage  of  Plates  for  Arches 

Arch  structures,  depending  upon  whether  the  arch  is  to  be  used  to  strengthen  an 
existing  structure  or  to  carry  the  full  load,  shall  be  individually  designed.  Where  these 
specifications  are  used  for  arches,  the  gage  of  plates  shall  be  as  shown  on  the  plans. 

16.  Number  of  Bolts 

Not  less  than  four  bolts  shall  be  used  per  foot  of  longitudinal  seam  for  either  pipe 
or  arches. 

17.  Skewed  Pipes  and  Arches 

The  skew  angle  shall  not  exceed  45  degrees  for  arches.  When  the  skew  angle  for 
arches  is  more  than  15  degrees,  the  length  of  the  structure  shall  be  such  that  no  portion 
of  the  live  load  will  be  carried  by  the  cut  portion  of  the  arch  end.  Where  right-of-way 
or  other  conditions  do  not  permit  the  required  length,  then  the  cut  end  shall  be  sup- 
ported by  a  rigid  headwall  designed  to  meet  the  conditions  and  the  end  plates  shall  be 
anchored  to  this  headwall  with  not  less  than  ii-inch  diameter  hook  bolts  on  approxi- 
mately 12 -inch  centers. 

Whenever  the  skew  angle  exceeds  30  degrees  for  pipes  provided  with  headwalls,  the 
end  plates  shall  be  anchored  to  the  headwalls  with  not  less  than  H-inch  diameter  hook 
bolts  on  approximately  12-inch  centers 
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18.  Arch  Substructures  and  Headwalls 

Substructures,  spandrels  and  wings  shall  be  designed  in  accordance  with  Specifications 
for  Portland  Cement  Concrete,  Plain  and  Reinforced,  and/or  Specifications  for  Stone 
Masonry. 

Each  edge  of  an  arch  shall  bear  directly  upon  a  galvanized  formed  angle  or  channel 
which  is  firmly  anchored  to  or  imbedded  in  the  abutment  or  substructure. 

Angles  shall  not  be  lighter  than  3  by  3  by  %  inches.  The  vertical  leg  shall  be  so 
punched  as  to  allow  bolting  to  the  bottom  row  of  plates,  and  the  horizontal  leg  shall 
be  anchored  by  the  abutment  or  substructure. 

Channels  may  be  either  4-inch  structural  channels,  securely  imbedded  in  the  abut- 
ment, or  formed  channels  of  not  less  than  No.  7  gage  which  shall  be  punched  along  one 
flange  so  as  to  allow  bolting  to  the  bottom  row  of  plates  and  which  shall  be  securely 
anchored  through  the  web  to  the  abutment. 

V  CONSTRUCTION 

19.  Multiple  Pipes 

Where  multiple  lines  of  pipe  are  erected,  the  adjacent  sides  shall  be  one-half 
diameter  apart  up  to  4  feet  to  permit  careful  tamping  of  the  filling  material. 

20.  Multiple  Arches 

Where  multiple  arch  spans  are  constructed,  the  distance  between  plates  at  the 
skewback  on  piers  shall  not  be  less  than  tk  of  the  longer  adjoining  span. 

21.  Bedding  and  Backfilling — Pipe  Structures 

When  a  pipe  structure  is  to  be  erected  in  a  trench,  the  width  of  the  trench  must  be 
sufficient  to  permit  thorough  tamping  of  the  earth  backfill  against  every  plate  except 
the  bottom  90-degree  segment. 

The  pipe  shall  be  bedded  in  an  earth  foundation  of  uniform  density  carefully 
shaped,  by  means  of  a  template  supported  at  the  desired  grade,  to  fit  the  lower  90-degree 
segment  of  the  pipe.  Where  rock  in  either  ledge  or  boulder  formation  is  encountered,  it 
shall  be  removed  below  grade  and  replaced  with  suitable  materials  in  such  manner  as  to 
provide  a  compacted  earth  cushion  having  a  thickness  under  the  pipe  of  not  less  than  y2 
inch  per  foot  height  of  fill  over  the  top  of  the  pipe,  with  a  minimum  allowable  thickness 
of  8  inches.  Where  a  firm  foundation  is  not  encountered,  at  the  grade  established,  due  to 
soft,  spongy  or  other  unstable  soil,  unless  other  special  construction  methods  are  called 
for  on  the  plans  or  in  special  provisions,  all  of  such  unstable  soil,  under  the  pipe  and 
for  a  width  of  at  least  one  diameter  on  each  side  of  the  pipe,  shall  be  removed  and 
replaced  with  gravel  or  other  suitable  material  properly  compacted  to  provide  adequate 
support  for  the  pipe. 

Selected  material,  preferably  of  a  gravelly  nature,  free  from  all  material  which  will 
not  pass  a  3 -inch  circular  ring  shall  be  used  in  the  backfilling  operations.  The  3 -inch  size 
limitation  shall  not  apply  to  fill  over  one  diameter  above  the  pipe.  Backfilling  materials 
shall  also  be  free  from  vegetable  matter,  frozen  lumps,  cinders,  and  all  other  objection- 
able substances.  Where  an  examination  of  the  culvert  foundation  indicates  that  little 
or  no  subsidence  may  be  expected,  no  allowance  for  camber  need  be  provided;  other- 
wise the  amount  of  camber  shall  be  varied  to  suit  the  height  of  fill  and  bearing  capacity 
of  supporting  soil  with,  in  general,  a  minimum  of  0.5  percent  of  the  total  length  of  the 
pipe. 
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After  the  pipe  has  been  assembled,  fill  material  shall  be  deposited  evenly  on  both 
sides  of  the  pipe,  in  not  to  exceed  6-inch  layers,  until  at  least  the  Y\  point  has  been 
reached.  Special  care  shall  be  taken  to  thoroughly  tamp  the  backfilling  material  between 
the  pipe  and  the  sides  of  the  trench  or  for  a  distance  each  side  of  the  pipe  equal  to  the 
diameter  of  the  pipe.  Above  the  34  point,  the  fill  shall  be  placed  uniformly  on  each  side 
of  the  pipe  in  layers  not  to  exceed  12  inches  until  a  height  is  reached  equal  to  the 
diameter  of  the  pipe,  after  which  the  remainder  of  the  fill  may  be  made  from  one 
direction,  but  only  under  the  supervision  of  the  Engineer. 


Table  3. — Size  and  Spacing  of  Timber  Struts 


Height 

of 

Diameter 

of  Pipe  i 

in  Inches 

Cover 

Size 

Above 

of 

60 

75 

90 

105 

120 

135 

150 

165 

180 

Pipe 

Struts 

(Feet) 

(Inches) 

Sp 

acing  i 

of  Struts 

in  Feet 

4 

x  4 

6.0 

6.0 

6.0 

6.0 

6.0 

4.5 

2-5 

4 
6 

x  6 
x  6 

5.0 

3.5 

6.0 

4 

x  4 

6.0 

6.0 

6.0 

5.0 

3.5 

4 

x  6 

6.0 

5.0 

3.5 

5-10 

6 
6 

x  6 
x  8 

6.0 

6.0 

6.0 

5.0 
6.0 

4 

x  4 

6.0 

6.0 

5.0 

3.5 

4 

x  6 

5.0 

3.5 

10-15 

6 
6 
4 
4 

x  6 
x  8 
x  4 
x  6 

6.0 

5.5 
6.0 

3.5 

6.0 

4.0 

6.0 

6.0 

6.0 

4.5 
6.0 

3.5 

4.5 

15-20 

6 
6 
8 
4 

x  6 

x  8 
x  8 
x  4 

4.5 

3.5 

6.0 

6.0 

6.0 

5.0 
6.0 

3.5 
5.0 

3.5 
6.0 

4 

x  6 

6.0 

5.0 

4.0 

3.0 

20-30 

6 

x  6 

6.0 

6.0 

5.0 

4.0 

3.0 

6 

x  8 

6.0 

5.5 

4.5 

3.0 

8 

x  8 

6.0 

5.0 

4 

x  4 

3.5 

3.0 

4 

x  6 

5.0 

4.0 

3.0 

30-40 

6 

x  6 

5.5 

4.5 

3.5 

3.0 

6 

x  8 

6.0 

5.0 

4.0 

3.0 

8 

x  8 

5.0 

4.5 

4.0 

4 

x  4 

3.0 

4 

x  6 

4.0 

3.0 

40-50 

6 

x  6 

5.0 

4.0 

3.5 

6 

x  8 

5.5 

5.0 

4.0 

3.0 

8 

x  8 

5.5 

5.0 

4.0 

4 

x  6 

3.5 

6 

x  6 

5.5 

4.0 

3.5 

50-60 

6 

8 
6 

x  8 
x  8 
x  6 

4.5 

5.5 
3.5 

4.5 

4.0 
5.5 

3.0 
4.5 

4.0 

60-70 

6 

x  8 

6.0 

5.0 

4.0 

3.0 

8 

x  8 

5.5 

4.5 

4.0 

3.5 

6 

x  6 

4.0 

70-80 

6 

x  8 

5.0 

4.0 

3.5 

8 

x  8 

5.5 

4.5 

4.0 

3.5 

506 Roadway    and    Ballast 

22.  Backfilling  Arch  Structures  Under  New  Fills 

The  backfill  shall  be  carefully  placed  in  such  manner  as  to  load  the  arch  ring 
uniformly  and  symmetrically.  The  filling  material  shall  be  acceptable  to  the  Engineer 
and  shall  be  placed  in  horizontal  layers,  not  to  exceed  12  inches  in  thickness,  carefully 
tamped  and  brought  up  simultaneously  from  both  haunches.  Wedge  shaped  sections  of 
filling  material  against  spandrels,  wings  or  abutments  will  not  be  permitted. 

23.  Strutting  of  Pipe 

Pipe  shall  be  strutted  or  elongated  in  accordance  with  the  requirements  of  Table  3 
before  placement  of  the  fill.  Field  strutting  shall  be  by  means  of  sound  timbers  of  not 
less  than  the  sizes  shown  nor  spaced  at  intervals  exceeding  those  indicated  in  Table  3. 
In  order  to  place  field  struts,  the  pipe  may  be  deformed  the  necessary  amount  by  the 
use  of  suitable  jacks  supporting  timber  posts,  as  directed  by  the  Engineer.  A  tolerance 
will  be  permitted  of  25  percent  above  and  below  the  specified  amount  of  elongation  of 
the  vertical  diameter. 

Where  pipe  is  to  be  field  strutted  without  elongation  of  the  vertical  diameter,  the 
length  of  the  struts  shall  be  such  that  they  will  fit  snugly  between  the  bearing  blocks 
or  sills  without  causing  the  nominal  vertical  diameter  of  the  pipe  to  be  extended. 

Where  pipe  is  to  be  field  strutted  so  that  the  vertical  diameter  is  elongated,  3  per- 
cent, top  and  bottom  sills  extending  from  end  to  end  of  the  pipe  and  compression  blocks 
of  a  softer  wood  than  that  of  the  struts,  shall  be  used  in  conjunction  with  the  struts. 

The  size  and  spacing  of  field  struts  can  be  varied  according'  to  the  depth  of  fill  at 
any  point  throughout  the  length  of  the  pipe,  as  indicated  in  Table  3.  Struts  shall  be 
inserted  throughout  the  entire  length  of  the  pipe;  except  where  headwalls  are  to  be 
constructed  or  where  the  ends  of  the  pipe  have  been  beveled,  in  which  cases  the  struts 
should  be  omitted  for  a  distance  of  approximately  10  feet  from  each  end  of  the  pipe. 

Unless  otherwise  ordered,  field  struts  shall  be  left  in  place  until  the  fill  is  well 
consolidated  when  they  shall  be  removed  at  the  direction  of  the  Engineer. 


VI  PAYMENT 
24.  Basis  of  Payment 

The  footage  to  be  paid  for  shall  be  the  actual  number  of  linear  feet  of  the  pipe  or 
arch.  The  measurement  shall  be  as  follows: 

Pipe  and  arches  with  square  and  vertical  ends — end  to  end  of  metal,  on  center  line 
of  the  structure. 

Pipes  with  skewed  and  vertical  ends — end  to  end  of  metal,  on  center  line  of  the 
structure. 

Pipes  with  square  ends,  beveled — average  end  to  end  of  metal  at  top  and  bottom 
of  pipe,  parallel  to  center  line  of  structure. 

Pipes  with  skewed  ends,  beveled — same  as  square  ends,  beveled. 

Arches  with  ends  other  than  square  and  vertical — as  noted  on  the  plans. 

Where  the  cut  is  other  than  standard  the  payment  should  be  on  a  lump  sum  basis. 
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Report  on  Assignment  4 

Formation  of  the  Roadway:  Recent  Grading  Projects 

Paul  Chipman  (chairman,  subcommittee),  F.  W.  Alexander,  H.  S.  Ashley,  Clifton 
Brannon,  G.  H.  Burnette,  Herbert  Ensz,  J.  A.  Given,  Albert  Haertlein,  E.  R.  Lewis, 
Raymond  Swenk. 

This  report  is  presented  as  information  with  the  recommendations  that  the  subject 
he  continued. 

The  application  of  gasoline  and  Diesel  power  to  grading  operations  which  accom- 
panied the  expansion  of  the  highway  system  has  resulted  in  lower  costs  and  better  work. 
The  purpose  of  this  report  is  to  show  to  what  extent  railroad  practice  has  kept  pace 
with  this  development  and  to  emphasize  the  benefit  that  may  be  derived  therefrom. 

With  inexpensive  precautions  as  to  spreading  material  in  layers  and  routing  travel 
of  hauling  equipment,  embankments  are  now  built  which  are  more  compact  than  those 
formerly  made  with  teams  and  scrapers,  and  far  superior  to  those  built  by  other 
methods.  Where  conditions  make  it  desirable,  further  compaction  to  any  required  degree 
may  be  obtained  at  small  expense  by  rolling,  supplemented  where  necessary  by  watering. 

A  review  of  the  larger  railroad  grading  projects  of  the  past  ten  years  clearly  indi- 
cates the  trend  toward  better  roadbed.  Improvement  of  railroad  grading  practice 
promptly  followed  the  general  realization  by  state  highway  departments  of  the  possi- 
bilities for  better  embankments  that  are  inherent  in  the  use  of  heavy  hauling  equipment. 
The  ten  projects  investigated  are  arranged  chronologically  in  the  accompanying  tables, 
which  show:  (1)  location,  length,  date,  and  quantities,  (2)  principal  items  of  equipment, 
(3)  treatment  of  compactable  material  and  resulting  settlement,  (4)  treatment  of  foun- 
dations of  fills,  (5)  treatment  of  subgrade. 

Heavy  duty  power  hauling  equipment  was  used  on  all  of  these  projects.  On  the 
first  and  third,  the  fills  were  not  built  in  layers  and  on  the  fourth  the  layers  were  two 
feet  thick.  On  the  remaining  seven  projects,  layers  from  6  to  12  in.  in  thickness  were 
used.  Table  3  is  of  especial  interest  in  showing  the  effect  of  the  latter  practice  in  reducing 
shrinkage  to  a  negligible  amount.  Table  4  shows  a  similar  increase  in  attention  paid  to 
preparing  the  foundation.  Table  5  indicates  that  some  kind  of  special  treatment  of  the 
subgrade  is  very  generally  practiced.  These  ten  projects  involve  over  25,000,000  cu.  yd. 
of  grading,  mostly  earth,  and  cover  a  wide  range  of  conditions  as  to  soil,  rainfall  and 
traffic  requirements. 

The  Dotsero  cutoff  involved  heavy  mountain  grading,  mostly  rock  and  gravel,  with 
little  compactable  material.  Nevertheless,  the  work  was  done  at  low  unit  cost.  Consid- 
erable settlement  has  taken  place,  necessitating  the  raising  of  numerous  fills. 

The  Republican  river  relocation  of  the  Chicago,  Burlington  &  Quincy  in  1935  was 
the  first  major  railroad  project  in  which  the  material  was  spread  in  relatively  thin  layers. 
Heavy  floods  in  that  year  necessitated  the  rebuilding  of  16  miles  of  line  in  a  new  loca- 
tion. The  material  was  placed  in  6-in.  layers  and  rolled.  No  appreciable  settlement  has 
taken  place. 

Grading  for  the  Buchanan  branch  extension  and  Dismal  Creek  branch  of  the  Norfolk 
&  Western  was  in  rough  country  and  rather  heavy.  Settlement  of  earth  fills  has  been 
about  ten  percent  and  was  greatest  at  the  shoulders.  Maintenance  of  the  original  gradient 
is  in  general  not  important. 

On  the  110-mile  line  of  the  Atchison,  Topeka  &  Santa  Fe  between  Boise  City,  Okla., 
and  Las  Animas,  Colo.,  much  of  the  grading  is  light.  Fills  were  built  in  two-foot  layers. 
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Little  settlement  took  place  until  the  extremely  wet  season  of  1941,  when  many  fills 
settled  as  much  as  a  foot.  In  general,  settlement  was  greatest  under  the  track,  necessitat- 
ing plowing  off  the  shoulders  in  order  to  maintain  drainage  of  ballast. 

On  the  Burlington's  Chariton  cutoff,  built  in  1936-1937,  the  material  was  placed  in 
layers  of  from  6  to  12  in.  in  thickness.  Only  the  edges  of  the  fills  were  rolled,  but  in 
spite  of  this  precaution  there  has  been  some  slight  settlement  at  the  shoulders.  Small 
depressions  have  developed  under  the  rails  at  certain  points,  but  not  to  the  extent  of 
causing  trouble. 

On  the  Arkalon  cutoff  of  the  Chicago,  Rock  Island  &  Pacific,  every  precaution  was 
taken  to  avoid  settlement,  on  account  of  the  nature  of  the  soil  and  because  the  approaches 
to  the  Cimarron  river  bridge  are  on  maximum  grades.  All  material  was  spread  in  8-in. 
layers,  rolled,  and  watered  when  required  to  secure  the  desired  compaction.  Muck  in  the 
900  ft.  of  low  river  bottom  was  removed  to  a  depth  of  5  ft.  and  replaced  with  gravel. 
After  being  dried,  the  muck  was  used  in  the  fill.  The  low  unit  price  included  rolling  and 
watering.  No  appreciable  settlement  has  taken  place. 

On  the  Shasta  dam  relocation  of  the  Southern  Pacific,  the  ground  underlying  future 
fills  was  stripped  to  a  sufficient  depth  to  minimize  subsidence  or  possible  slippage.  Soil 
augurs  were  used  to  investigate  underlying  soil  conditions  and  where  high  fills  were  to 
be  built,  or  unusual  ground  water  conditions  existed,  an  examination  and  recommenda- 
tion was  made  by  a  competent  geologist.  Compactable  material  was  placed  in  six-inch 
layers  and  compaction  secured  by  careful  routing  of  equipment.  Contractors  were  not 
permitted  to  place  material  when  too  wet  for  proper  compaction,  nor  when  frozen.  When 
too  dry,  moisture  was  added  at  a  cost  of  three  cents  per  cubic  yard  and  where  short, 
deep  fills  could  not  otherwise  be  properly  compacted,  sheeps-foot  rollers  were  used  at 
an  additional  cost  of  two  cents  per  cubic  yard;  about  five  percent  of  the  total  yardage 
was  rolled  and  watered.  In  rock  fills,  no  piece  of  rock  larger  than  eight  inches  in  its 
greatest  dimension  was  permitted  in  the  middle  third  of  the  fill,  the  contractors  using 
rock  rakes  to  move  the  larger  rock  to  the  outer  portions  of  the  fill.  Materials  from 
different  cuts  were  blended  to  obtain  proper  compaction.  In  general,  settlement  of  fills 
amounted  to  one  percent  of  their  height  following  the  exceptionally  heavy  rainfall  of 
the  winters  of  1939-1940,  and  1940-1941;  from  one-fourth  to  one-half  of  this  settlement 
was  due  to  subsidence. 

In  1940  the  Santa  Fe  made  a  20-mile  relocation  around  the  Caddoa  dam,  a  federal 
project  near  Las  Animas,  Colo.,  which  included  one  fill  85  ft.  high  and  another  90  ft. 
high.  One  of  these  fills  will  be  partially  inundated  and  was  built  with  2  to  1  slopes. 
Earth  was  spread  by  the  hauling  equipment  in  8-in.  layers.  All  earth  embankment  under 
tracks  was  compacted  with  sheep's  foot  rollers  and  watered  where  the  moisture  content 
was  too  low  to  permit  a  high  degree  of  compaction.  Rolling  cost  was  nearly  1  cent  and 
watering  sy2  cents  per  cubic  yard  of  embankment.  Rock  consisting  of  soft  or  shaly 
sandstone  or  shale  was  in  part  placed  in  12-in.  layers,  where  most  of  it  was  crushed  by 
the  hauling  equipment  and  watered  to  promote  consolidation.  Larger  rocks  were  pushed 
to  the  side  of  the  fill.  Some  of  the  shale  was  placed  in  the  bottoms  of  fills  and  alter- 
nated with  layers  of  sand. 

Material  selected  for  coarseness  was  used  for  the  top  foot  of  embankments  and 
rolled  and  watered,  as  was  the  subgrade  in  earth  cuts.  The  subgrade  had  1  to  9  slopes 
from  an  8-ft.  level  center.  Seven  inches  of  selected  gravel  was  placed  on  the  subgrade 
and  compacted  by  the  hauling  equipment  and  by  watering. 

No  perceptible  settlement  has  taken  place.  Four  small  water  pockets  have  started 
in  cuts. 
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Although  the  earth  grading  on  the  Middle  Creek  work  on  the  Chesapeake  &  Ohio 
is  comparatively  small  in  amount,  that  project  has  been  included  in  the  list  on  account 
of  its  recent  completion.  Fills  were  built  in  12-in.  layers  and  about  75  percent  of  the 
material  was  rolled.  Settlement  has  been  slight  and  confined  to  shoulders. 

The  Birch  Hill  relocation  of  the  Boston  &  Maine  near  South  Royalston,  Mass.,  was 
necessitated  by  the  construction  by  the  federal  government  of  the  Birch  Hill  flood  con- 
trol reservoir  in  the  Millers  river.  When  this  double-track  line  was  placed  in  operation, 
speed  was  restricted  to  30  m.p.h.  for  48  hours,  after  which  all  speed  restrictions  were 
removed.  The  12-in.  layers  were  compacted  by  spreading  and  hauling  equipment.  Proctor 
tests  were  made  daily  to  determine  the  degree  of  compaction  and  moisture  content. 
Watering  was  not  found  necessary,  but  some  scarifying  of  layers  with  bulldozers  was 
done  to  aid  evaporation  where  tests  showed  excess  moisture. 

Slopes  along  the  reservoir  were  2  to  1,  faced  with  3  ft.  of  selected  material,  and 
covered  with  a  3-ft.  layer  of  loose  rock  with  its  toe  in  a  trench  at  the  foot  of  the  slope. 
Pipe  drains  backfilled  with  crushed  rock,  with  frequent  manholes,  were  placed  under 
cut  ditches.  Intercepting  ditches  with  fall  of  over  five  percent  were  paved  with  grouted 
stone  and  provided  with  drop  basins  in  some  cases. 

Conclusions 

1.  The  railroads,  at  practically  no  additional  expense,  are  now  building  very  compact 
embankments  by  forming  them  in  layers  and  spreading  the  travel  of  heavy  hauling 
equipment. 

2.  Settlement  of  such  embankments  due  to  shrinkage,  as  distinguished  from  sub- 
sidence, is  negligible. 

3.  Where  special  conditions  make  it  desirable,  it  is  present  railroad  practice  to 
secure  additional  compaction  by  rolling  and  watering,  thus  practically  eliminating  settle- 
ment due  to  shrinkage. 

4.  Present  railroad  practice  tends  to  minimize  settlement  due  to  subsidence  by  pre- 
paring the  natural  surface  under  fills  by  removing  soft  material  or  compacting  the 
foundation  or  both. 
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Report  on  Assignment  5 

Roadway  Drainage:  Adherence  to  Recommended  Practice 

H.  E.  Tyrrell  (chairman,  subcommittee),  F.  W.  Biltz,  B.  H.  Crosland,  H.  L.  Exley, 
H.  P.  Pickering,  L.  H.  Roden,  R.  G.  Scott,  E.  M.  Smith,  Raymond  Swenk  and 
C.  D.  Turley. 

The  following  report  is  presented  as  information. 

This  assignment,  the  subject  matter  of  which  is  on  pages  1-43  to  1-60  of  the 
Manual,  was  submitted  to  62  railroads  in  the  form  of  a  series  of  detail  questions.  Replies 
were  received  from  more  than  30  percent  of  those  addressed,  and  the  following  statements 
represent  the  results  of  careful  study  of  the  replies  to  each  question. 

503.  Surface  Drainage:  Ditches  (Manual  pages  1-43  and  1-44) 

The  practice  of  constructing  intercepting  ditches  at  the  tops  of  cuts  and  the  bottoms 
of  fills,  and  side  ditches  at  the  toes  of  the  slopes  in  cuts,  is  generally  followed,  as  recom- 
mended, with  satisfactory  results.  One  road  prefers  the  use  of  dykes  at  the  tops  of  cuts 
instead  of  ditches. 

504.  Sub-Surface  Drainage:   Field  Tests  for 
Soils  (Manual  pages  1-46  to  1-51) 

(C  to  G)  No  road  reporting  has  followed  the  practice  of  making  field  tests  for  soils 
to  determine  the  "field  moisture  equivalent". 

(H)  Where  there  is  a  necessity  for  sub-drainage  in  wet  cuts  and  saturated  fills,  most 
railroads  install  perforated  metal  pipe  or  vitrified  clay  pipe,  as  recommended,  or  mod- 
ified to  suit  local  conditions.  Farm  tile  has  not  been  entirely  successful  as  displacements 
have  occurred,  destroying  its  usefulness. 

(I)  French  or  rock  drains  are  generally  used,  as  recommended,  where  embankments  are 
composed  of  water  retaining  material.  One  road  specifies  a  minimum  width  of  six  feet 
and  a  minimum  depth  of  four  feet. 

505.  Special  Problems  During  Construction 

(A)  Several  roads  indicated  lack  of  experience  because  of  no  recent  new  construction, 
although  the  need  for  compacting  roadbeds  by  heavy  rollers  or  other  grading  machinery 
is  well  recognized.  (See  report  on  Assignment  4.) 

(B)  Generally,  long  low-grade  cuts  are  excavated  with  sufficient  width  to  permit  wide 
deep  side  ditches,  as  recommended,  and  in  some  cases  such  ditches  are  supplemented  with 
sub-drainage. 

(C)  Pipe  or  rock  drainage  is  not  installed  in  all  cases  where  cuts  and  fills  are  widened, 
but  only  when  they  appear  to  be  necessary. 

(D)  Longitudinal  drains  of  corrugated  perforated  metal  pipe  between  pairs  of  tracks 
with  laterals  extending  under  two  tracks  are  not  generally  installed  as  recommended. 
Several  roads  advise  they  are  not  usually  necessary. 

(E)  In  yard  construction,  tracks  are  generally  stepped  to  provide  a  quick  run-off  at 
right  angles  to  the  tracks.  Several  roads  report  no  such  construction  recently,  but  they 
would  follow  the  recommended  practice  of  installing  sub-drainage  where  necessary,  if 
such  construction  should  be  contemplated. 
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(F)  Where  sub-surface  drainage  is  necessary  at  passenger  stations,  the  recommended 
practice  of  installing  perforated  iron  pipe  with  catch  basins  and  laterals  at  frequent 
intervals  is  generally  followed. 

(G)  Recommendations  for  installing  perforated  iron  pipe  to  provide  sub-drainage  at  the 
ends  of  ties  on  single  and  double-track  highway  grade  crossings  and  between  pairs  of 
tracks  on  multiple-track  highway  grade  crossings,  are  not  generally  followed.  A  few 
roads  report  having  followed  the  plan  and  having  obtained  good  results. 

506.  Maintenance 

(C)  Recommended  practice  of  installing  perforated  pipe  in  cuts  and  perforated  pipe 
and  French  or  rock  drains  in  fills  to  provide  sub-drainage  facilities,  to  drain  soft  spots 
and  water  pockets,  is  generally  followed. 

(D)  Recommendations  are  used  frequently  as  a  guide  in  determining  the  best  methods 
applicable  to  individual  slides,  but  many  roads  apply  whatever  means  seem  best  suited 
in  each  individual  case.  Exception  was  taken  by  one  road  to  the  statement  in  the  Manual 
"Piles  or  retaining  walls  for  the  prevention  and  cure  of  slides  are  not  recommended,  but 
their  use  is  permissible  for  temporary  repairs  and  in  special  cases."  This  road  advises 
that  both  piles  and  retaining  walls  have  been  used  for  these  purposes  with  good  results. 

Conclusions 

The  answers  to  the  questions  issued  indicate: 

(a)  Extensive  use  of  artificial  surface  drainage,  as  recommended. 

(b)  Use  of  sub-surface  drainage,  as  recommended,  where  such  drainage  appears 
necessary  and  economical. 


Report  on  Assignment  6  (a) 
Retaining  Structures: 

(1)  Cribbing;   Timber,   Concrete 

(2)  Walls;  Dry  Rubble,  Masonry 

G.  W.  Payne  (chairman,  subcommittee),  H.  S.  Ashley,  F.  W.  Capp,  R.  L.  Dyke,  H.  L. 
Exley,  C.  P.  Nicholson,  M.  C.  Patton,  C.  S.  Robinson,  P.  H.  Winchester. 

A  progress  report  was  presented  at  the  annual  meeting  in  1942,  Proceedings,  Vol.  43, 
pages  499  to  507,  inviting  comments  and  criticisms,  and  requesting  that  the  subject  be 
reassigned  for  further  study  and  revision  before  recommending  approval  for  publication 
in  the  Manual. 

The  criticisms  received  were  confined  to  the  last  three  paragraphs  of  the  report, 
namely,  the  matter  under  the  heading  of  "Concrete"  on  page  507.  Accordingly,  your 
committee  now  recommends  that  the  material  appearing  under  the  heading  "Retaining 
Structures"  on  pages  499  to  506,  inclusive,  of  the  Proceedings  for  1942  be  adopted  for 
publication  in  the  Manual,  together  with  the  matter  appearing  below  which  comprises 
a  revision  of  the  three  paragraphs  on  page  507  in  the  previous  report. 

Concrete 

Concrete  retaining  walls  may  be  designed  to  meet  the  most  rigid  and  variable 
requirements,  and  are  selected  for  the  most  restricted  locations,  such  as  in  cities  where 
maximum  use  of  the  land  is  required,  or  where  pile  foundation  is  necessary. 
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Reinforced  concrete  walls  (of  various  types),  of  which  the  cantilever,  counterfort 
and  L-section  designs  are  the  most  common.  The  base  may  be  entirely  in  front  of  or 
entirely  back  of  the  face,  or  it  may  be  partly  in  front  and  partly  back  of  the  face. 
Field  investigations  should  include  sufficient  information  to  enable  the  designer  to  deter- 
mine the  limits  within  which  the  wall  should  be  built.2 

Hydrostatic  pressure  back  of  the  wall  must  be  avoided  insofar  as  possible.  The  back 
of  the  wall  should  be  given  approved  waterproof  treatment,  and  the  fill  against  the  back 
of  the  wall  for  a  distance  of  4  feet  or  more  should  consist  of  sand,  gravel  or  other  per- 
meable material  to  intercept  and  carry  the  drainage  down  to  a  longitudinal  drain  placed 
along  the  base  of  the  wall;  the  longitudinal  drain  must  discharge  at  a  point  where  the 
water  will  cause  no  damage.  If  such  a  longitudinal  drain  back  of  the  wall  cannot  be 
provided,  and  if  other  considerations  make  them  desirable,  weep  holes  usually  4  inches 
in  diameter  shall  be  provided  at  intervals  of  15  to  20  feet  to  carry  the  drainage  to  the 
face  of  the  wall.  Where  counterfort  walls  are  used,  one  or  two  weep  holes  should  be 
provided  in  each  space  between  counterforts.  Provision  must  then  be  made  to  carry  the 
drainage  through  the  weep  holes  away  from  the  wall. 


Report  on  Assignment  6  (b) 

Stabilization  of  Roadbed:  Report  on  Methods  Used 

G.  W.  Payne  (chairman,  subcommittee),  H.  S.  Ashley,  F.  W.  Capp,  H.  L.  Exley,  R.  L. 
Dyke,  C.  P.  Nicholson,  M.  C.  Patton,  C.  S.  Robinson,  P.  H.  Winchester. 

The  following  report  is  submitted  as  information. 

VI     ROADWAY  PROTECTION 

(601)  E— STABILIZATION  METHODS 

Some  railroads  depend  upon  good  drainage  for  stabilization,  such  as  pipe  drains  in 
cuts  and  pipe  or  rock  cross  drains  in  fills,  as  shown  in  the  Manual  under  the  heading 
Sub-Surface  Drainage. 

Where  clays  are  so  impervious  as  to  prevent  the  passage  of  free  water,  sub-surface 
drainage  is  of  little  or  no  value.  In  many  places  it  is  difficult  to  determine  definitely  the 
depth  of  the  water  pocket,  and  unless  the  bottom  is  reached  at  all  points,  sub-surface 
drainage  is  not  fully  effective.  In  alluvial  territories  adequate  drainage  outlets  are  often 
impracticable  to  obtain. 

Methods  other  than  drainage  which  have  been  found  satisfactory  at  such  locations 
are: 

1.  Concrete  sub-ballast  slabs. 

2.  Wood  mats. 

3.  Grouting. 

4.  Driving  cull  ties,  poles,  piling  or  scrap  rail. 

Several  railroads  report  the  use  of  banquettes,  an  additional  embankment  along  the 
toe  of  the  embankment  slope  to  add  stability  and  keep  drainage  away  from  the  toe. 
While  banquettes  may  be  helpful  toward  stabilization  of  roadbed,  their  principal  func- 
tion is  the  protection  of  long,  steep  slopes  against  slips. 

2  Ibid. 
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1.  CONCRETE  SUB-BALLAST  SLABS 
General 

The  use  of  concrete  slabs  has  been  reported  upon  by  AREA  committees  at  various 
times  since  1920;  the  subject  being  brought  up  to  date  in  the  report  of  Committee  1 — 
Roadway,  to  the  1937  convention,  and  published  in  the  Proceedings,  Vol.  38,  page  173. 
Subsequent  installations,  inspections  and  reports  will  be  briefly  covered  in  this  report. 

Of  the  three  types  of  concrete  slab  construction,  only  the  sub-ballast  type  is  con- 
sidered practical  purely  for  stabilization  of  the  roadbed.  Slabs  with  embedded  ties  have 
been  used  successfully  in  tunnels,  train  terminals,  team  yard  tracks  and  paved  tracks  in 
streets  and  alleys,  with  stabilization  often  a  secondary  consideration,  although  the  in- 
stallation at  the  Chicago  Union  Station  is  a  striking  example  of  the  successful  use  of 
this  type  on  a  very  unstable  soil.  Concrete  slabs  supporting  the  rails  directly  have  been 
used  only  in  special  installations  and  test  sections;  the  purpose  is  to  develop  a  track 
requiring  little  or  no  maintenance,  rather  than  to  stabilize  the  roadbed. 

(a)  Cast  in  Place 

Recent  reports  on  the  first  sub-ballast  slabs  installed  in  1909  by  the  New  York 
Central  Railroad  at  Poughkeepsie  and  Stattsburg,  N.  Y.,  state  that  they  are  continuing 
to  give  very  satisfactory  service. 

The  Long  Island  Railroad  installations  made  in  1912-13  also  continue  to  give  good 
service. 

The  10-in.  sub-ballast  slabs  under  the  21  miles  of  stone  ballast  approach  tracks  to 
Chicago  Union  Station,  installed  in  1920,  continue  to  function  with  remarkably  low 
maintenance  costs.  These  tracks  could  not  have  been  maintained  for  normal  operation 
without  stabilization. 

A  6-in.  reinforced  concrete  sub-ballast  slab  was  installed  in  1938  for  a  distance  of 
500  ft.  under  the  Cleveland,  Cincinnati  &  St.  Louis  Railroad  double-track  bridge  No. 
333-A  north  of  Cincinnati.  No  report  on  the  performance  of  this  slab  has  been  received. 

An  interesting  cure  for  short  soft  spots  is  described  in  the  Proceedings,  Vol.  20, 
pages  395  to  400,  by  J.  T.  Bowser,  then  of  Danville,  Ky.  This  work  was  done  by  exca- 
vating the  soft  material  and  replacing  it  with  a  lean  mixture  of  concrete  cast  in  place. 
Mr.  Bowser  stated  that  where  this  method  had  been  used  the  trouble  was  eliminated 
entirely  and  the  improvement  promised  to  be  permanent.  Unfortunately  no  follow-up 
was  made.  Roadmasters  and  old  employees  who  were  recently  consulted,  advised  that 
they  have  not  encountered  any  such  construction  and  had  no  recollection  of  such  slabs 
being  placed.  This  could  be  an  indication  that  the  soft  places  were  permanently  cured. 

(b)  Precast  Slabs 

1.  Missouri  Pacific  Railroad,  Jones  Ridge,  111.  Installed  in  1937  and  1938. 

These  slabs  were  precast  at  North  Little  Rock  and  after  being  carefully  and  thor- 
oughly cured,  were  transported  to  the  site. 

The  1937  installation  consisted  of  2,600  ft.  of  single  track  on  an  8  to  12-ft.  fill 
across  a  swamp  and  an  old  lake  bed.  The  slabs  were  12  ft.  wide  by  10  ft.  long,  6z/2  in. 
thick  at  the  center  and  5J4  in.  at  the  edges.  In  1938,  additional  slabs  were  installed 
immediately  north  of  the  1937  installation  for  2,034  ft.  These  were  of  the  same  size 
except  the  length  was  reduced  from  10  ft.  to  9  ft.  to  permit  loading  in  coal  cars.  Both 
installations  were  made  with  very  little  interference  with  traffic. 

After  the  work  was  completed,  an  immediate  and  considerable  reduction  in  main- 
tenance work  and  costs  was  noted.  In  1941  two  sections,  each  about  200  ft.  long,  were 
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uncovered  for  examination.  The  slabs  were  found  to  be  in  good  condition  and  in  spite 
of  a  subsidence  of  from  9  to  16  in.  they  had  remained  in  good  alinement. 

These  slabs  are  illustrated  in  Railway  Age  of  October  2,  1937,  and  in  Concrete  for 
Railways,  Vol.  2,  No.  3. 

2.  Illinois  Central  Railroad,  Vicksburg,  Miss.  Installed  in   1938. 

These  slabs  were  pre-cast  by  a  paving  contractor  and  hauled  to  the  site.  This 
installation  consisted  of  2,661  ft.  of  single  track  on  the  fill  on  the  west  approach  to  the 
Mississippi  river  bridge.  This  fill  is  composed  largely  of  gumbo  and  alluvial  soil,  and  is 
30  ft.  high  at  the  abutment.  Water  pockets  had  made  maintenance  difficult  and  costly 
for  years,  requiring  the  use  of  thousands  of  yards  of  fill  material  and  ballast  in  an  effort 
to  stabilize  this  piece  of  track.  The  slabs  were  reinforced,  14  ft.  wide,  10  ft.  long,  8J^  in. 
thick  at  the  center  and  1Yz  in.  at  the  sides.  A  special  slab  12  in.  thick  at  the  center 
and  11  in.  at  the  sides  was  used  for  transition  to  the  abutment.  This  installation  was 
made  with  little  interference  with  traffic. 

Since  these  slabs  were  placed  the  difficulty  previously  encountered  at  this  point 
has  been  entirely  eliminated.  Movement  in  the  embankment  slopes  and  in  the  ground 
beyond  the  toe  of  the  slopes  appears  to  have  ceased. 

This  installation  is  illustrated  in  Concrete  for  Railways,  Vol.  3,  No.  1. 

2.  WOOD  MATS 

A  number  of  successful  bridge  filling  jobs  have  been  accomplished  across  soft  swamps 
and  lake  beds  by  laying  wood  mats,  cut  from  local  timber,  over  the  entire  area  to  be 
covered  by  the  base  of  the  embankment.  Board  mats  used  to  correct  the  same  conditions 
have  also  been  found  effective. 

One  road  reports  the  use  of  wood  mats  as  sub-ballast  slabs.  They  are  made  of  3  by 
10-in.  pecky  cypress  boards  14  ft.  long,  laid  across  the  embankment  on  top  of  the  sub- 
grade,  with  2  by  10-in.  planks  laid  lengthwise  on  top  of  the  3  by  10-in.  pieces,  with 
staggered  joints.  This  method  is  illustrated  in  the  Railway  Age  of  October  2,  1937,  and 
Railway  Engineering  and  Maintenance  for  October  1937. 

The  wood  mats  are  not  as  stiff  and  long-lived  as  concrete  slabs  but  have  the  fol- 
lowing advantages: 

(a)  The  cost  is  about  50  percent  of  that  for  precast  slabs  14  ft.  wide  and  65 
percent  of  that  for  slabs  12  ft.  wide. 

(b)  They   provide   continuous  slabs  instead  of   separate   units,  as   with   precast 
concrete. 

(c)  They  may  be  installed  with  minimum  equipment. 

(d)  The  material  may  be  more   readily  obtained  during  the   emergency  period. 
Metal  fastenings  are  not  essential. 

These  mats  have  only  been  in  service  some  five  years,  therefore,  it  is  too  early  to 
make  any  real  comparison  with  concrete  slabs.  The  results  so  far  indicate  that  the  wood 
mats  will  easily  justify  their  cost. 

3.  GROUTING 

In  1938-39,  the  Pennsylvania  Railroad  injected  Portland  cement  grout  under  pres- 
sure into  water  pockets  under  its  tracks  at  three  widely  separated  locations  for  the 
purpose  of  studying  this  method  of  stabilization.  The  most  extensive  installation  was 
near  Ft.  Wayne,  Ind.,  where  five  troublesome  water  pockets,  62  to  90  ft.  long,  were 
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grouted.  The  records  show  a  gratifying  reduction  in  maintenance,  and  no  adverse  effect 
on  the  track  on  either  side  of  the  'grouted  water  pockets  has  been  noted.  All  installations 
are  giving  satisfactory  service. 

During  1941-42,  three  other  roads  started  experimental  grouting  of  water  pockets; 
one  road  using  a  very  lean  mixture  on  a  total  of  about  four  miles  of  line.  It  is  too  early 
to  report  on  the  service  or  permanency,  although  it  is  known  that  an  immediate  decrease 
in  maintenance  resulted. 

Grouting  may  be  carried  out  during  the  emergency  with  regular  maintenance  of 
way  equipment  and  forces  with  a  few  sections  of  second-hand  pipe.  There  is  no  inter- 
ference with  traffic  and  no  critical  materials  are  required. 

4.  DRIVING  CULL  TIES,  POLES,  PILING  OR  SCRAP  RAILS 

The  use  of  driven  timbers  or  rails  for  stabilization  originated  in  1928  with  the 
test  driving  of  cull  ties  in  wet  cuts.  Later  the  driving  was  extended  to  low  fills,  then 
longer  poles  were  used  along  higher  fills  and  finally  piling  up  to  40  ft.  long  was  used. 
Scrap  rails  have  been  driven  where  the  underlying  foundation  prevents  the  driving  of 
timber. 

Pole  driving  in  cuts  and  along  low  fills  has  become  popular  on  a  number  of  roads 
because  immediate  results  can  be  obtained  at  low  cost.  More  than  2,000  miles  of  track 
have  been  stabilized  by  this  method. 

The  usual  procedure  is  to  cut  back  the  ballast  shoulder  from  the  ends  of  the  ties 
and  drive  the  poles  in  line  with  and  not  more  than  six  inches  from  each  end  of  every 
tie  with  the  top  of  the  poles  even  with  the  top  of  the  subgrade.  The  ballast  shoulder 
should  be  replaced  immediately  and  a  general  lining  and  surfacing  should  be  given  the 
track  to  correct  any  irregularities  caused  by  the  driving.  On  double-track  satisfactory 
results  are  usually  obtained  by  driving  only  on  the  outside  of  each  track. 

It  is  essential  to  make  uniform  progress  in  the  driving  on  each  side  to  avoid  pushing 
the  track  out  of  line.  A  machine  to  do  this  has  been  developed.  It  is  an  on-track  machine 
which  drives  poles  on  opposite  sides  of  the  track  simultaneously. 

In  fills  8  to  40  ft.  high,  poles,  piling  and  scrap  rail  are  driven  in  the  shoulders  both 
to  prevent  settlement  of  the  track  and  slides.  The  poles  and  piles  are  driven  9  to  IS  ft. 
from  the  center  of  track,  spaced  3  to  S  ft.  apart.  In  some  cases,  particularly  in  the 
higher  fills,  the  tops  are  tied  together  by  rods  placed  through  the  embankment.  Some 
installations  have  waling  strips  of  heavy  timber  or  scrap  rails  on  the  outside  of  the  piles 
near  the  top,  with  the  transverse  tie  rods  run  through  these  strips. 

For  illustrations  of  tie  and  pole  driving,  see  the  Railway  Age  of  October  2,  1937, 
or  Railway  Engineering  and  Maintenance  for  October  1937. 

In  1938,  a  1,790-ft.  section  of  a  bridge  across  Snow  Lake,  Ark.,  was  filled  after 
driving  poles.  The  lake  bed  is  a  highly  plastic  mud  and  soft  clay,  covered  with  standing 
water  except  during  long  hot  dry  spells.  A  row  of  30-ft.  poles,  spaced  3  ft.  on  centers, 
was  driven  along  each  side  just  outside  the  pile  trestle  bents.  The  poles  were  driven 
to  just  above  the  ground  or  water  line,  and  waling  strips  applied.  Tie  rods  were  used 
to  hold  the  tops  together,  at  every  third  pole.  The  fill  was  then  made  from  selected 
material.  The  trestle  was  from  8  to  11  ft.  high.  To  date  no  additional  fill  material  has 
been  required  and,  except  for  a  short  period,  maintenance  has  not  been  above  that  on 
adjoining  track. 
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GENERAL 

Concrete  slabs  or  wood  mats  are  effective  in  distributing  the  load  and  impact  over 
the  subgrade.  They  cure  "split  dumps",  that  is,  the  formation  of  longitudinal  crack  due 
to  lateral  movement  of  the  fills  under  traffic  loads,  and  retard  but  do  not  always  entirely 
stop  subsidence.  There  is  some  tendency  for  the  ballast  to  shake  away  from  the  ends 
of  the  ties,  which  is  more  pronounced  with  the  12-ft.  width  concrete  slabs,  and  just  after 
installation  than  later. 

Grouting  is  still  in  the  preliminary  stage.  Recent  reports  indicate  an  increasing 
tendency  to  use  this  method  of  stabilization. 

Pole  driving  in  cuts  and  low  fills  has  the  advantage  of  low  cost,  and  the  material 
is  available  during  the  emergency.  It  is  not  so  effective  nor  economical  on  high  fills, 
requiring  poles  over  30  ft.  in  length.  Pole  driving  is  effective  in  stopping  subsidence,  but 
does  not  distribute  the  load  over  the  subgrade  as  sub-ballast  slabs  do.  A  combination  of 
pole  driving  and  slabs  would  be  very  effective  for  carrying  even  the  heaviest  traffic 
over  exceptionally  soft  places;  in  this  case  the  poles  would  be  driven  just  outside  the 
slabs  to  avoid  beam  action  of  the  slabs. 

Successful  and  economical  maintenance  of  track  over  many  soft  and  yielding  fills, 
under  the  present  heavy  emergency  traffic  is  undoubtedly  due  to  extensive  stabilization 
work  done  several  years  ago  when  traffic  was  not  so  heavy. 

Labor  savings  effected  through  stabilization  by  methods  other  than  drainage  were 
developed  in  a  report  of  Committee  22,  Proceedings,  Vol.  43,  pages  233  and  235. 


Report  on  Assignment  9 

Signs:  Specifications  and  Plans  for  Telltales — Overhead  and  Side 

L.   J.   Drumeller    (chairman,    subcommittee),    Clifton   Brannon,   H.    B.   Bussing,   O.   N. 
Lackey,  G.  W.  Miller,  J.  M.  Podmore,  Raymond  Swenk. 

Your  committee  submits  the  following  report  as  information. 

Representatives  of  35  railroads  were  requested  to  furnish  plans  showing  their  over- 
head and  side  warnings,  and  of  the  roads  that  replied  to  the  inquiry,  10  have  no  plans 
covering  overhead  warnings  and  only  3  have  plans  for  side  warnings. 

From  the  information  received  your  committee  developed  the  plans  and  specifica- 
tions which  follow.  Considerable  work  had  been  completed  on  this  report  before  con- 
ditions demanded  the  conservation  of  critical  materials,  otherwise  substitute  materials 
would  have  been  indicated.  Your  committee,  however,  is  securing  additional  data  to 
develop  plans  and  specifications  for  wood  structures,  covering  each  type  of  warning 
described  and  illustrated  here. 

SPECIFICATIONS    FOR    ONE,    TWO,    THREE    AND    FOUR-TRACK 
OVERHEAD  METAL  WARNING  AND  METAL  SIDE  WARNING 

GENERAL 
1.  Scope 

These  specifications  cover  the  location,  materials  and  erection  of  metal  overhead 
warnings  for  one,  two,  three  and  four  tracks  and  metal  side  warnings,  except  as  modified 
by  laws  or  orders  of  appropriate  governmental  authority. 
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2.  Location 

Warnings  shall  be  erected  for  points  where  the  clearance,  both  vertical  and  horizontal, 
is  less  than  that  prescribed  by  laws  or  rules.  These  warnings  shall  be  located  sufficiently 
in  advance  of  such  points  of  close  clearance  to  permit  appropriate  action  by  employees, 
as  determined  by  the  maximum  speed  of  trains  operating  under  or  adjacent  to  such 
points  of  restricting  clearance. 

FOUNDATION 
1.  Concrete  Foundation 

The  foundation  shall  conform  with  AREA  Specifications  for  Concrete,  Plain  and 
Reinforced. 

The  foundation  course  shall  be  carried  down  to  a  suitable  subsoil  and  where  this 
is  impracticable,  the  foundation  shall  be  spread  to  sufficient  dimension  to  carry  the  load. 

Backfilling  around  the  foundation  shall  be  thoroughly  tamped  and  compacted. 

Anchor  bolts  shall  be  placed  in  their  permanent  position  before  filling  the  form  with 
concrete.  They  shall  conform  in  quality  with  the  current  ASTM  Specifications  for  Steel 
for  Bridges  and  Buildings,  Designation  A  7. 

MATERIALS 

1.  Base  Casting  and  Pipe  Cap 

The  base  casting  and  pipe  cap  shall  be  made  true  to  pattern,  free  from  flaws  and 
excessive  shrinkage;  the  size  and  shape  to  be  as  called  for  by  the  plans  and  shall  conform 
with  the  current  ASTM  Specifications  for  Gray  Iron  Castings,  Designation  A  48. 

2.  Iron  Pipe  and  Fittings  (Including  Collars,  Straps  and  Hanger  Clamps) 

Iron  pipe  and  fittings  shall  be  used  as  the  vertical  pole  to  support  the  warning. 
The  pipe  shall  be  reasonably  straight  and  free  from  injurious  defects.  All  burrs  at  the 
ends  of  the  pipe  shall  be  removed.  The  portion  of  pipe  set  in  concrete  foundation  shall 
be  free  from  grease  or  paint.  All  pipe  joints  shall  be  heated  and  shrunk  so  the  inside 
diameter  of  the  larger  pipe  will  be  equal  to  the  outside  diameter  of  the  smaller  pipe  for 
a  distance  of  at  least  18  inches.  The  joints  shall  be  electric  welded. 

For  single-track  and  three  and  four-track  overhead  warnings,  the  poles  shall  be 
inclined  from  the  track  Y%  inch  per  one  foot  of  height. 

The  pipe  and  fittings  shall  conform  in  quality  with  the  current  ASTM  Specifica- 
tions for  Welded  Wrought  Iron  Pipe,  extra  strong,  Designation  A  72,  or  the  current 
ASTM  Specifications  for  Welded  Alloyed  Open-Hearth  Iron  Pipe,  Designation  A  253. 

3.  Galvanized  Steel  Pipe  and  Fittings 

Galvanized  steel  pipe  and  fittings  shall  be  used  to  support  the  telltales  for  single 
and  double-track  overhead  warnings.  This  pipe  shall  be  furnished  under  the  seamless, 
or  electric  welded  steel  pipe,  extra-strong  classification,  conforming  with  the  current 
ASTM  Specifications  for  Welded  and  Seamless  Steel  Pipe  for  Ordinary  Uses,  Black  and 
Hot- Dipped  Zinc-Coated  (Galvanized),  Designation  A  120.  The  pipe  shall  be  reasonably 
straight  and  free  from  injurious  defects.  All  burrs  at  the  ends  of  the  pipe  shall  be  re- 
moved. The  zinc  coating  shall  be  free  from  injurious  defects  or  excessive  roughness. 

4.  Steel  Guy  and  Messenger  Strand 

A  J^-inch  steel  guy  and  messenger  strand  shall  be  used  to  support  the  telltales  for 
three  and  four-track  overhead  warnings.   The  strand  shall  be  composed  of  six  No.  8 
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AWG  cylindrical  copper-covered  steel  wires  laid  helically  around  a  center  wire  of  the 
same  material  and  size,  and  shall  conform  with  the  current  ASTM  Specifications  for 
Concentric-Lay-Stranded  Copper  Cable,  Hard,  Medium-Hard  or  Soft,  Designation  B  8, 
Classification  AA. 

5.  Galvanized  Cable  Clamps  and  Thimbles 

Galvanized  cable  clamps  and  thimbles  shall  be  furnished  in  accordance  with  specifi- 
cations in  the  Manual  of  the  Telegraph  and  Telephone  Section,  AAR,  Section  Number 
l-A-20. 

Three-bolt  heavy  type  cable  clamps  shall  be  furnished  for  the  horizontal  guy  and 
messenger  strand  for  three  and  four-track  overhead  warnings  and  shall  be  designed  in 
accordance  with  drawing  T&T  2377  appearing  in  Section  l-A-20  of  the  T&T  Section 
Manual. 

One-bolt  cable  clamps  shall  be  furnished  for  the  vertical  guy  and  messenger  strand 
for  three  and  four-track  overhead  warnings  and  shall  be  designed  in  accordance  with 
drawing  T&T  1754,  Section  l-A-20  of  the  T&T  Section  Manual. 

One-half-inch  thimbles  shall  be  furnished  for  the  horizontal  guy  and  messenger 
strand  for  three  and  four-track  overhead  warnings  and  shall  be  designed  in  accordance 
with  drawing  T&T  1773  in  Section  l-A-20  of  the  T&T  Section  Manual. 

6.  Hook  and  Eye  Galvanized  Turnbuckles 

The  5^  by  6-inch  galvanized  steel  hook-and-eye  turnbuckles  shall  be  of  approved 
design  and  made  so  that  at  least  6  inches  of  slack  can  be  drawn  in.  They  shall  be  located 
as  shown  on  the  plan  to  permit  ready  access  to  them. 

7.  Wood  Lash  Bars  and  Fingers 

Lash  bars  for  overhead  warnings  shall  be  furnished  to  size,  of  2-inch  by  4-inch  by 
8-foot  6-inch  oak  or  ash,  and  treated. 

Lash  bars  for  side  warnings  shall  be  furnished  to  size,  of  2  pieces  2  inch  by  4  inch 
by  9  feet  (when  placed  according  to  plan  they  will  measure  4  inch  by  4  inch  by  9  feet) 
oak  or  ash,  prebored  and  treated. 

Fingers  for  side  warnings  shall  be  furnished  to  size,  of  2  pieces  Y$  inch  by  3  inch 
by  2  feet  (when  placed  according  to  plan  they  will  measure  V/2  inch  by  3  inch  by  2  feet), 
oak  or  ash,  preframed,  bored  and  treated.  This  material  shall  be  sawn  to  the  sizes 
specified  on  the  plan  and  shall  be  free  from  defects  that  seriously  impair  the  strength 
or  prevent  the  use  of  the  pieces  in  their  full  width  and  length  for  the  purpose  intended. 

8.  Telltales  for  Overhead  Warnings 

Telltales  shall  be  of  the  following  kinds: 

(a)  Waterproof  braided  cotton  ropes  with  copper  or  bronze  tips,  the  ropes  to  be 
fastened  to  J^-inch  bronze  rods  which  are  suspended  from  an  approved  type  of  bronze 
hangers  attached  to  the  lash  bar.  The  braided  cotton  ropes  shall  constitute  the  lower 
section  of  the  telltale. 

(b)  A  series  of  No.  10  spring  brass  wires  suspended  from  No.  8  gage  brass  screw 
eyes  attached  to  the  lash  bar.  Near  the  top  the  suspended  wires  shall  be  completely 
looped  once,  all  loops  to  be  on  the  same  horizontal  plane.  A  horizontal  wire  shall  be 
passed  through  all  the  loops,  as  shown  on  the  plan,  to  prevent  the  suspended  wires 
from  fouling  and  keep  them  vertical. 

The  bottom  of  telltales  shall  suspend  12^2  inches  below  the  line  of  overhead  obstruc- 
tion and  shall  be  spaced  6  inches  center  to  center,  17  per  track. 
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9.  Spring  Finger  for  Side  Warning 

Steel  spring  fingers,  ■&  inch  by  2  feet  9  inches,  tightly  wrapped  on  all  sides  with 
an  approved  grade  of  canvas  shall  be  furnished  for  side  warnings.  These  fingers  shall 
be  cut  to  the  size  and  shape  called  for  on  plan  and  fastened  to  the  wood  member  of 
the  warning  with  two  J4-inch  by  2-inch  carriage  bolts.  Spring  steel  for  fingers  shall 
conform  in  quality  to  Grade  A  of  the  current  ASTM  Specifications  for  Carbon-Steel 
Bars  for  Vehicle  and  General  Purpose  Springs,  Designation  A  58. 

Each  side  warning  shall  consist  of  9  horizontal  fingers  spaced  1  foot  center  to  center 
and  projecting  6  inches  inside  of  the  line  of  lateral  obstruction. 

10.  Spring  for  Side  Warning  Brackets 

Six  springs  for  each  side  warning  shall  be  furnished  for  locations  shown  on  the 
plan,  and  fastened  to  the  vertical  lash  bar  with  hasp  and  staples.  They  shall  consist  of 
25  coils  of  0.192-inch  spring  steel  \y2  inches  outside  diameter,  and  shall  conform  in 
quality  to  Grade  A  of  the  current  ASTM  Specifications  for  Carbon-Steel  Bars  for 
Vehicle  and  General  Purpose  Springs,  Designation  A  58. 

11.  Bolts 

All  bolts  shall  be  furnished  with  nuts  and  washers  of  proper  size  and  with  standard 
threads.  They  shall  be  of  the  length  and  shape  called  for  on  the  drawing  and  conform 
in  quality  to  the  current  ASTM  Specifications  for  Steel  for  Bridges  and  Buildings, 
Designation  A  7. 

12.  Steel  Bar 

A  J^-inch  by  2-inch  by  1-foot  7-inch  steel  bar  shall  be  fabricated  and  furnished 
with  each  spring  bracket  for  side  warnings  according  to  the  plan.  Material  in  this  bar 
shall  conform  in  quality  to  the  current  ASTM  Specifications  for  Commercial  Quality 
Hot-Rolled  Bar  Steels,  Designation  A  107. 

ERECTION 

When  the  pole  is  to  be  seated  on  top  of  the  concrete  foundation,  sufficient  time 
shall  be  allowed  the  concrete  to  harden  thoroughly  before  erecting  the  pole. 

Where  the  pole  is  to  be  imbedded  in  the  concrete  foundation  it  shall  be  erected  and 
temporarily  guyed  into  exact  position  before  the  foundation  is  cast. 

Where  conditions  make  it  necessary,  vertical  poles  shall  be  permanently  guyed. 

All  swaging  of  pipe  joints,  including  the  swaging  and  leading  of  the  pipe  to  the 
base  castings,  shall  be  performed  in  the  shop,  except  those  joints  shown  on  plan  for  the 
one  and  two-track  warning,  which  shall  be  swaged  in  the  field. 

The  lower  hook-and-eye  turnbuckle  on  three  and  four-track  overhead  warnings 
shall  remain  loose  until  the  hangers  have  been  properly  suspended  from  the  upper  cable 
and  then  drawn  only  tight  enough  to  straighten  the  lower  cable.  Unnecessary  strain  on 
the  lower  cable  shall  be  avoided. 

PAINTING 

Pipe  supports  and  castings  shall  be  thoroughly  cleaned  and  given  one  priming  coat, 
or  such  other  paint  as  may  be  specified.  Except  as  herein  noted,  cleaning  and  painting 
shall  be  done  in  accordance  with  the  requirements  for  shop  painting  of  AREA  Specifi- 
cations for  Steel  Railway  Bridges. 
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Report  on  Assignment  10 

Ballast  Specifications 

Stanton  Walker  (chairman,  subcommittee),  F.  W.  Alexander,  H.  F.  Brown,  B.  H. 
Crosland,  A.  P.  Crosley,  H.  L.  Exley,  A.  T.  Goldbeck,  F.  W.  Hillman,  A.  D.  Kennedy, 
E.  R.  Lewis,  G.  B.  Wall,  Jr.,  C.  S.  Wicker. 

This  report  is  presented  as  information. 

The  subcommittee  was  instructed  to  study  the  three  specifications  for  prepared 
ballast  now  included  in  the  Manual  (crushed  stone,  crushed  slag  and  prepared  gravel) 
and  to  make  their  requirements  uniform  insofar  as  practicable.  A  proposed  consol- 
idated specification  is  appended  hereto.  With  two  exceptions,  this  single  specification 
merely  combines  in  one  document  the  basic  requirements  which  now  appear  in  the 
three  separate  specifications  which  it  is  intended  to  replace.   The  two  exceptions  are: 

(1)  the  requirement  for  the  absorption  test  of  crushed  stone  has  been  omitted;   and 

(2)  the  Los  Angeles  abrasion  test  has  been  substituted  for  the  Deval  abrasion  test. 
Comments  so  far  received  from  members  of  Committee  1  are  unanimously  in  favor 

of  the  idea  of  a  consolidated  specification,  although  some  recommendations  for  change 
in  details  were  made.  A  summary  of  the  comments  is  given  below  and  it  is  hoped  that 
their  publication  will  lead  to  still  further  discussion  from  members  of  the  Association. 

Comments 

The  suggestion  was  made  that  the  title  be  changed  from  "Specification  for  Prepared 
Ballast"  to  "Specifications  for  Crushed  Stone,  Crushed  Slag  and  Gravel  for  Railroad 
Ballast".  If  that  change  were  adopted,  a  number  of  editorial  changes  would  be  necessary. 

With  respect  to  Section  3(a)  attention  was  called  to  the  fact  that  the  limit  of  1  per- 
cent finer  than  a  No.  200  sieve  might  permit  of  as  much  as  1,000  lb.  of  dust  being  present 
in  a  car  of  ballast.  Attention  was  directed  to  complaints  received  concerning  dust  in 
ballast  from  a  quarry  where  the  product  is  "dry  screened",  although  tests  of  that  ballast 
had  shown  the  quantity  of  material  finer  than  a  No.  200  sieve  to  be  from  about  0.3 
percent  to  0.6  percent.  In  view  of  this  experience  it  was  suggested  that  the  specification 
limit  permit  no  more  than  0.25  percent  finer  than  a  No.  200  sieve. 

A  contrary  view  of  this  limitation  was  presented  wherein  it  was  stated  that  a  limit 
of  1  percent  on  material  passing  the  No.  200  sieve  would  require  the  washing  of  ballast. 
It  was  suggested  that  many  ballast  producers  not  now  washing  their  product  would  be 
compelled  to  do  so  in  order  to  meet  this  limit.  The  opinion  was  expressed  that  the 
question  should  be  given  further  thought,  since  some  ballast  producers  are  not  equipped 
to  wash  their  products  at  the  present  time. 

The  0.5  percent  limit  on  clay  lumps  in  Section  3(a)  was  discussed  in  much  the  same 
language  as  the  1  percent  limit  on  material  finer  than  the  No.  200  sieve  referred  to 
earlier.  It  was  pointed  out  that  the  0.5  percent  limitation  would  permit  up  to  500  lb. 
of  clay  lumps  in  each  ear.  It  was  recommended  that  no  clay  lumps  be  permitted  or, 
if  any,  that  the  percentage  should  be  greatly  reduced  under  that  now  recommended. 

One  member  of  the  committee  pointed  out  that  the  recently  promulgated  federal 
specification  for  railroad  ballast  omits  any  reference  to  soft  and  friable  particles  and 
suggests  that  the  same  procedure  be  followed  in  the  AREA  specification.  He  expresses 
the  opinion  that  the  Los  Angeles  rattler  test  will  adequately  reflect  the  presence  of  such 
particles.  In  that  connection,  he  calls  attention  to  the  fact  that  AASHO  Method  T-8 
for  determining  soft  particles  has  been  discontinued  by  that  association. 


Roadway    and    Ballast 527 

With  respect  to  the  Los  Angeles  rattler  test,  attention  was  called  to  the  fact  that 
the  gradings  provided  for  in  the  test  method  do  not  cover  a  sufficient  range  to  include 
the  larger  sizes  of  ballast  and  that,  consequently,  the  provision  in  the  proposed  specifi- 
cation for  "using  the  standard  grading  most  nearly  representative  of  the  size  of  ballast 
specified"  is  not  a  realistic  one.  It  was  suggested  that  it  be  required  that  a  sample  be 
submitted  from  the  same  source  as  the  ballast,  but  graded  to  conform  with  the  test 
method. 

Further  comment  with  respect  to  the  general  subject  of  quality  requirements  was 
that  there  is  nothing  in  the  specification  providing  for  a  method  of  testing  for  cementing 
characteristics  or  water  absorption;  that  the  specification  does  not  provide  for  washing 
ballast;  and  that  it  does  not  provide  for  rejecting  ballast  at  the  site  of  its  use.  The 
recommendation  was  also  made  that  there  be  included  in  Section  3(a)  a  limitation  of 
2  percent  by  weight  on  shale. 

There  were  a  number  of  comments  on  the  grading  requirements.  One  was  that  Size 
No.  3  for  crushed  stone  and  slag  should  permit  of  no  more  than  5  percent  being  retained 
on  the  2-in.  sieve;  objection  was  also  made  to  the  tolerances  of  IS  percent  through  the 
1-in.  sieve  and  5  percent  through  the  J^-in.  sieve,  it  being  recommended  that  they 
should  be  10  and  2  percent  respectively.  It  was  also  suggested  that  Size  No.  57  is  too 
fine.  With  respect  to  the  grading  limits  for  prepared  gravel  it  was  suggested  that,  in 
the  case  of  the  21  to  40-percent  crushed,  the  maximum  through  the  1-in.  sieve  should 
be  stated  as  95  percent  instead  of  100  percent;  it  was  also  suggested  that  the  35  to  10 
percent  permitted  to  pass  the  No.  4  sieve  should  be  changed  to  20  to  5  percent. 

One  of  those  offering  comments  recommended  that  the  last  clause  of  Section  5  be 
revised  to  read  "and  which  are  clean  and  free  from  sand,  dirt,  rubbish  or  any  other 
substance  which  would  foul  or  damage  the  ballast"  and  that  the  present  Section  6  be 
numbered  6(b)  and  that  a  new  sub-paragraph  (a)  be  inserted,  reading  somewhat  as 
follows: 

The  inspector  representing  the  railroad  company  shall  have  free  entry,  at  all 
times  while  work  on  the  contract  is  being  performed,  to  all  parts  of  the  manu- 
facturer's works  or  quarries  which  concern  the  manufacture  of  the  material 
ordered. 

With  respect  to  "Measurement",  one  comment  is  as  follows: 

It  is  the  usual  practice  to  purchase  ballast  by  the  ton.  If  it  is  going  to  be 
impracticable  to  weigh  each  car,  the  circumstances  may  be  such  that  it  will  be 
impracticable  to  weigh  five  cars.  I  have  seen  conditions  where  it  was  considered 
impracticable  to  weigh  cars  because  of  the  time  element;  delay  to  cars  under  rush 
conditions.  This  class  of  material  is  sometimes  sold  on  a  carload  basis,  in  which 
case  the  purchaser  and  the  manufacturer  will  agree  to  a  price  per  carload,  with 
the  understanding  that  cars  shall  be  loaded  to  about  the  same  capacity,  based  on 
visual  inspection.  In  the  event  ballast  has  been  sold  on  the  tonnage  basis  and 
track  scales  are  not  available  for  weighing  carloads,  an  approximate  weight  per 
car  could  be  determined  either  by  finding  the  weight  per  cubic  foot,  in  accordance 
with  standard  methods,  or  obtain  the  weight  per  cubic  yard  by  weighing  truck- 
loads  which  have  been  carefully  measured. 

The  subcommittee  will  give  careful  consideration  to  these  comments  and  particu- 
larly solicits  further  comments  and  criticisms  from  the  membership  of  the  Association 
with  the  hope  of  having  this  specification  ready  for  the  Manual  next  year. 
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Proposed  Consolidated  Specifications  for  Prepared  Ballast 

1.  Scope 

These  specifications  cover  the  requirements  for  grading  and  other  significant  physical 
properties  of  mineral  aggregates  for  prepared  ballast. 

2.  General  Requirements 

Prepared  ballast  shall  be  crushed  stone,  crushed  air-cooled  blast  furnace  slag,  or 
gravel  (crushed  or  uncrushed,  as  specified)  composed  of  hard,  strong  and  durable 
particles,  free  from  injurious  amounts  of  deleterious  substances  and  conforming  to  the 
requirements  of  these  specifications.  The  type,  or  types,  and  sizes  of  prepared  ballast 
shall  be  designated  by  the  Engineer. 

3.  Quality  Requirements 

(a)  Deleterious  substances  shall  not  be  present  in  prepared  ballast  in  excess  of  the 
following  amounts: 

Soft  and  friable  pieces 5    percent 

Material  finer  than  No.  200  sieve  1         " 

Clay  lumps   0.5      " 

(b)  The  percentage  of  wear  of  prepared  ballast,  except  as  otherwise  specified  by 
the  Engineer,  shall  not  be  greater  than  40  percent. 

Note:  Availability  of  local  materials  and  knowledge  of  service  records  may  make 
it  economical  for  the  Engineer  to  permit  of  higher  losses  than  40  percent;  how- 
ever, the  Engineer  is  warned  against  permitting  losses  in  excess  of  50  percent 
without  thorough  investigation  of  all  factors. 

(c)  The  soundness  of  prepared  ballast  for  use  in  severe  climates  shall  be  such  that 
when  tested  in  the  sodium  sulfate  soundness  test,  the  weighted  average  loss  shall  not 
be  in  excess  of  10  percent  after  5  cycles. 

(d)  The  weight  per  cubic  foot  of  prepared  slag  ballast  meeting  the  grading  require- 
ments of  this  specification  shall  not  be  less  than  70  pounds. 

4.  Grading  Requirements 

(a)  The  grading  of  prepared  ballast  shall  be  determined  by  test  with  laboratory 
sieves  having  square  openings  and  conforming  with  current  ASTM  Specifications  for 
Sieves  for  Testing  Purposes,  Designation  E  11. 

Note:  In  laboratory  tests,  a  sieve  with  square  opening  D  will  permit  approxi- 
mately the  same  size  of  material  to  pass  as  a  screen  with  round  opening  1.2D. 

(b)  Crushed  stone  and  crushed  air-cooled  blast  furnace  slag  for  prepared  ballast 
shall  conform  to  the  following  requirements  for  grading: 

Nominal  Amounts  Finer  Than  Each  Sieve  (Square  Opening  Laboratory  Sieves) 

Size,  Percents  by  Weight 

Size  Square 

No.  Opening 

24   iy2"-  yA" 

3    2     "-1     " 

4    1^"-  H" 

5    1     "-  W 

57    1     "-No.  4 

Note:  Size  numbers  and  gradations  in  size  adopted  from  National  Bureau  of  Standards  Simplified 
Practice  Recommendation  R   163-39. 


No. 

No. 

3" 

2y2" 

2" 

IVi" 

I" 

U" 

V*" 

H" 

4 

8 

100 

90-100 

25-60 

0-10 

0-5 

100 

90-100 

35-70 

0-15 

0-5 

100 

90-100 

20-55 

0-15 

0-5 

100 

90-100 

40-75 

15-35 

0-15 

0-5 

100 

90-100 

25-60 

0-10 

(y-'s 
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(c)  Gravel  for  prepared  ballast  shall  conform  to  one  of  the  following  sets  of 
requirements  for  grading,  depending  upon  the  percentage  of  crushed  particles  specified. 

Amounts  Finer  Than  Each  Sieve  (Square  Opening  Laboratory  Sieves) 

Percent  Percents  by  Weight 

Size  Crushed  No.  No.  No.         No.  No. 

No.                            Particles  iy2"  1"             y2"              4                8  16            50          100 

G-l     0-20  100  80-100  SO-85  20-40         1S-3S  S-2S         0-10         0-2 

G-2     21-40  100  65-100  35-75  10-35           0-10  0-5 

G-3     41-100  100  60-95  25-50          0-15           0-5 

Note:  Size  numbers  and  gradations  in  size  adopted  from  National  Bureau  of  Standards  Simplified 
Practice  Recommendation  R   163-39. 

(d)  The  percentage  of  crushed  particles  in  gravel  shall  be  determined  on  a  repre- 
sentative sample,  weighing  not  less  than  10  pounds,  of  the  material  coarser  than  the 
No.  4  sieve.  Particles  having  one  or  more  faces  resulting  from  fracture  shall  be  consid- 
ered as  crushed  particles.  The  percentage  by  weight  of  crushed  particles  in  the  material 
coarser  than  the  No.  4  sieve  shall  be  considered  as  the  percentage  of  crushed  particles 
in  the  sample. 

5.  Handling 

Prepared  ballast  shall  be  handled  at  the  producing  plant  in  such  a  manner  that  it 
is  kept  clean  and  free  from  segregation.  It  shall  be  loaded  only  into  cars  which  are  in 
good  order,  tight  enough  to  prevent  leakage  and  waste  of  material,  and  which  are  clean 
and  free  from  rubbish  or  any  substance  which  would  foul  or  damage  the  ballast. 

6.  Inspection 

If  material  loaded,  or  being  loaded,  does  not  conform  with  these  specifications,  the 
inspector  shall  notify  the  contractor  to  stop  further  loading  until  the  fault  has  been 
corrected  and  to  dispose  of  all  defective  material  without  cost  to  the  railroad. 

7.  Testing 

(a)  Determinations  of  deleterious  substances,  resistance  to  abrasion  and  soundness 
shall  be  made  at  a  testing  laboratory  selected  by  the  purchaser,  but  visual  inspection 
and  gradation  tests  shall  be  made  at  the  place  of  production  prior  to  shipment  as  often 
as  considered  necessary. 

(b)  Samples  of  the  finished  product  for  gradation  and  other  required  tests  shall  be 
taken  from  each  200  tons  of  prepared  ballast,  unless  otherwise  ordered  by  the  Engineer. 
The  sample  shall  be  representative  and  shall  weigh  not  less  than  100  pounds. 

8.  Methods  of  Test 

(a)  Samples  shall  be  secured  in  accordance  with  the  current  Methods  of  Sampling 
Stone,  Slag,  Gravel,  Sand,  and  Stone  Block  for  Use  as  Highway  Materials,  ASTM 
Designation  D  75. 

(b)  Sieve  analysis  shall  be  made  in  accordance  with  Method  of  Test  for  Sieve 
Analysis  for  Fine  and  Coarse  Aggregates,  ASTM  Designation  C  136. 

(c)  Material  finer  than  the  No.  200  sieve  shall  be  determined  in  accordance  with 
the  current  Method  of  Test  for  Amount  of  Material  Finer  Than  No.  200.  Sieve  in 
Aggregate,  ASTM  Designation  C  117. 

(d)  The  percentage  of  soft  and  friable  particles  shall  be  determined  in  accordance 
with  the  current  Method  of  Test  for  Quality  of  Soft  Pebbles  in  Gravel,  AASHO,  Method 
T-8,  in  the  1938  edition  of  Standard  Specifications  for  Highway  Materials  and  Methods 
of  Testing  &  Sampling. 

(e)  The  percentage  of  clay  lumps  shall  be  determined  in  accordance  with  the  current 
Method  of  Test  for  Clay  Lumps  in  Aggregates,  ASTM  Designation  C  142. 
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(f)  The  resistance  to  abrasion  shall  be  determined  in  accordance  with  the  current 
Method  of  Test  for  Abrasion  of  Coarse  Aggregates  by  Use  of  the  Los  Angeles  Machine, 
ASTM  Designation  C  131,  using  the  standard  grading  most  nearly  representative  of  the 
size  of  ballast  specified. 

(g)  Soundness  tests  shall  be  made  in  accordance  with  the  current  Method  of  Test 
for  Soundness  of  Aggregates  by  Use  of  Sodium  Sulfate  or  Magnesium  Sulfate,  ASTM 
Designation  C  88. 

(h)  The  weight  per  cubic  foot  shall  be  determined  in  accordance  with  the  current 
Method  of  Test  for  Unit  Weight  of  Aggregates,  ASTM  Designation  C  29. 

9.  Measurement 

(a)  When  ballast  is  paid  for  by  the  ton  each  car  shall  be  weighed  if  that  is  prac- 
ticable. If  it  is  impracticable  to  weigh  each  car  the  weight  per  cubic  yard  shall  be 
obtained  by  weighing  at  such  intervals  as  may  be  ordered  by  the  Engineer,  not  less 
than  5  cars  loaded  with  ballast,  the  contents  of  which  have  been  carefully  measured. 
The  weight  per  cubic  yard  obtained  by  such  a  test  shall  be  used  in  calculating  the  weight 
per  car  until  additional  tests  are  made. 

(b)  When  ballast  is  paid  for  by  the  cubic  yard  the  quantity  shall  be  determined, 
when  practicable,  by  applying  the.  weight  per  cubic  yard  as  determined  in  (a)  above. 
When  impracticable  to  determine  the  weight  per  cubic  yard  the  contents  of  each  car 
shall  be  carefully  estimated  by  comparison  with  cars  the  contents  of  which  have  been 
accurately  measured. 


Report  on  Assignment  11 
Ballast  Cleaning 

A.  D.  Kennedy  (chairman,  subcommittee),  H.  S.  Ashley,  A.  P.  Crosley,  L.  J.  Drumeller, 
R.  L.  Dyke,  H.  L.  Exley,  F.  W.  Hillman,  C.  D.  Turley,  G.  B.  Wall,  Jr. 

This  is  a  progress  report  presented  as  information  with  the  recommendation  that 
the  subject  be  continued. 

Ballast  is  an  important  part  of  the  track  structure.  It  distributes  the  load  over  a 
large  area  of  the  roadbed  and  functions  to  hold  the  track  in  line  and  surface.  In  order 
to  perform  these  duties  properly,  it  is  necessary  that  it  be  maintained  relatively  free  of 
foreign  materials  that  impede  drainage.  The  principal  sources  of  these  materials  are  as 
follows: 

(a)  Wind  carried  soils. 

(b)  Spilled  lading. 

(c)  Front  end  cinders. 

(d)  Disintegration  of  the  ballast. 

(e)  Subgrade  material  working  into  the  ballast.       * 

The  term  "cleaning  ballast"  means  the  elimination  of  these  objectionable  materials 
and  to  accomplish  this  the  ballast  has  to  be  removed  and  screened  either  by  hand  or 
machines. 

All  ballast  cleaning  operations  should  be  carried  on  in  dry  weather  and  only  certain 
materials,  such  as  rock,  slag,  and  prepared  gravel  with  a  high  percentage  of  crushed 
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material,  can  be  successfully  cleaned.  In  each  case  there  is  a  certain  loss  which  will  have 
to  be  replenished.  This  is  particularly  true  of  gravel  ballast  where  a  large  percentage,  if 
not  all,  of  the  sand  will  be  eliminated  in  the  process. 

Up  to  comparatively  recent  years,  all  ballast  cleaning  operations  were  carried  on  by 
hand,  using  available  tools  for  digging  out  the  cribs  and  pulling  the  shoulder  ballast 
away  from  the  ends  of  the  tie;  then,  by  using  screening  forks,  serviceable  ballast  was 
thrown  back,  wasting  the  material  screened  out  on  the  shoulder. 

Efforts  to  devise  means  for  cleaning  ballast  mechanically  led  eventually  to  the  devel- 
opment of  several  thoroughly  practical  machines,  and  although  hand  cleaning  is  still 
being  done,  the  machines  have  proved  both  efficient  and  economical.  These  appliances 
fall  into  two  general  groups,  namely,  "on  track"  and  "off  track".  Descriptions  of  several 
of  these  and  their  method  of  operation  were  published  in  the  Proceedings,  Vol.  33,  page 
183  and  Vpl.  35,  page  516.  These  machines  are  designed  to  clean  only  the  shoulder  and 
inter-track  space.  When  necessary  or  desirable  to  clean  the  cribs,  the  material  must  be 
thrown  out  on  the  shoulder  in  advance  of  the  machines,  either  by  hand  or  by  a  recently 
developed  cribbing  machine. 

Ballast  cleaning  machines  may  be  adjusted  to  work  over  the  ballast  on  the  shoulder 
and  in  the  inter-track  space  to  a  predetermined  depth,  thus  affording  uniform  drainage. 
Ballast  in  these  spaces  should  be  cleaned  to  a  depth  of  about  ten  inches  below  base  of 
tie,  but  cleaning  to  the  subgrade  may  be  desirable  although,  in  general,  it  is  not  neces- 
sary to  go  that  deep.  It  is  not  considered  necessary  in  all  cases  to  clean  the  cribs,  but 
when  this  is  done  they  should  be  cleaned  to  the  bottom  of  the  ties  at  the  center  line  of 
track  with  a  slope  to  one  or  two  inches  below  the  bottom  at  the  ends  of  ties. 

When  the  inter-track  space  is  cleaned  to  any  depth  below  base  of  the  tie  and  the 
cribs  are  not  cleaned  to  the  same  depth,  it  is  necessary  to  provide  lateral  drains  under 
the  track  or  tracks,  at  least  one  to  each  rail  length,  to  permit  the  escape  of  water  which 
otherwise  would  be  impounded. 

Ballast  cleaning,  either  by  hand  or  machine,  is  an  expensive  operation  and  a  certain 
percentage  of  the  ballast  will  be  lost,  which  must  be  replaced  with  new  material  to  bring 
the  ballast  section  to  standard,  and  further,  ballast  cleaning  must  be  followed  by  sur- 
facing, and  a  small  lift  is  desirable. 

When  should  ballast  be  cleaned,  and  by  what  method  or  kind  of  machine  to  use, 
are  questions  involving  many  factors  such  as  availability,  cost  of  the  ballast  material, 
nature  of  the  ballast,  and  traffic  density.  Durability  must  also  be  given  serious  consid- 
eration. It  is  not  considered  economical  to  clean  ballast  that  is  subject  to  early  deteri- 
oration. 

In  certain  cases  it  is  more  desirable  to  skeletonize  the  track  and  fork  back  into  the 
cribs  all  serviceable  ballast,  using  this  material  in  making  a  raise  of  from  three  to  six 
inches  and  then  supply  new  ballast  to  complete  the  section. 

In  reply  to  a  questionnaire  addressed  to  chief  maintenance  engineers,  some  roads 
reported  that  discers  and  scarifiers  had  proved  so  effective  in  loosening  the  ballast,  and 
thus  improving  the  drainage,  as  to  warrant  the  postponement  of  any  regular  cleaning 
operations. 


532  Roadway    and    Ballast 


Report  on  Assignment  12 

Ballast  Tests:  Develop  Relationship  of  Ballast  Materials  Between 

Service  Behavior  and  Results  Obtained  from 

Los  Angeles  Testing  Machine 

A.  T.  Goldbeck  (chairman,  subcommittee),  A.  P.  Crosley,  0.  N.  Lackey,  Paul  McKay, 
Stanton  Walker,  C.  S.  Wicker,  P.  H.  Winchester. 

This  report  is  presented  as  information  with  the  recommendation  that  the  subject 
be  discontinued. 

The  tests  now  required  in  the  specifications  of  the  Association  for  determining  the 
quality  of  railroad  ballast  were  developed  for  testing  stone  for  highways.  One  of  these 
tests,  the  Deval  abrasion  test,  was  originated  as  far  back  as  1878,  in  the  French  School 
of  Bridges  and  Roads  and  was  devised  to  study  the  quality  of  crushed  stone  for  macadam 
roads.  The  Dorry  hardness  test  formerly  specified  by  the  AREA  likewise  was  developed 
in  the  same  institution.  It  is  used  in  only  a  few  laboratories  at  the  present  time  and  is 
rapidly  going  out  of  existence.  The  standard  toughness  test,  originally  known  as  .the 
Page  impact  test  was  devised  at  about  the  beginning  of  the  present  century  by  Logan 
Waller  Page  then  in  charge  of  the  Road  Materials  Laboratory  of  the  U.S.  Bureau  of 
Chemistry.  All  of  these  tests,  it  will  be  observed,  are  quite  old  and  were  designed  when 
waterbound  macadam,  subjected  to  horse  drawn  traffic  was  one  of  the  principal  highway 
types.  A  modification  of  the  Deval  abrasion  test  was  devised  by  the  Ohio  State  Highway 
department  and  is  used  for  testing  gravel  ballast.  It  is  of  more  recent  origin  and  is  a 
tentative  method  of  the  American  Society  for  Testing  Materials  under  the  title,  Tentative 
Method  of  Test  for  Abrasion  of  Gravel  by  Use  of  the  Deval  Machine,  ASTM  D  289-3  7T. 

In  1911,  or  thereabouts,  as  there  was  then  no  uniform  practice  by  the  various  rail- 
roads for  testing  ballast,  the  Committee  on  Ballast  of  the  AREA  conferred  with  Mr. 
Page,  then  director  of  the  U.S.  Office  of  Public  Roads,  for  the  purpose  of  developing 
standard  ballast  tests  and,  as  the  result  of  this  conference,  the  committee  decided  to 
have  that  office  make  tests  of  typical  crushed  stone  ballasts.  The  railroads  submitted  to 
the  Ballast  committee  a  report  on  the  service  behavior  of  these  various  ballasts  for  com- 
parison with  the  laboratory  test  results. 

Reports  of  these  tests  will  be  found  in  AREA  Bulletin  131,  January,  1911,  pages 
76-102,  and  also  in  a  paper  entitled,  "The  Physical  Testing  of  Broken  Stone  Railroad 
Ballast"  by  A.  T.  Goldbeck  and  F.  H.  Jackson,  Jr.,  published  in  the  Proceedings  of  the 
sixth  Congress,  1912,  of  the  International  Association  for  Testing  Materials. 

The  agreement  between  service  behavior  and  the  test  results  was  fair,  but  there 
were  inconsistencies  and  disagreements.  These  highway  tests,  however,  seemed  to  be  about 
the  best  tests  available  for  determining  the  physical  properties  of  stone  at  that  time 
and  they  were  written  into  the  AREA  specifications. 

In  the  meantime,  a  new  test  was  originated  for  testing  highway  aggregates  by  the 
Municipal  Laboratory  of  the  City  of  Los  Angeles  and,  hence,  it  has  become  known  as 
the  Los  Angeles  abrasion  test  and  is  now  so  designated.  In  the  highway  field  it  is  gen- 
erally felt,  although  not  universally,  that  this  test  can  be  used  to  replace  the  three  tests 
formerly  employed  for  determining  the  physical  properties  of  aggregates.  The  possibility 
of  using  this  newer  test  for  railroad  ballast  in  lieu  of  the  old  established  but  far  more 
complicated  tests  now  specified  therefore  became  a  desirable  subject  for  investigation. 
This  work  of  endeavoring  to  determine  the  fitness  of  the  Los  Angeles  abrasion  test  was 
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referred  to  a  special  subcommittee  under  what  was  then  Committee  2  on  Ballast  and 
the  main  purpose  of  the  project  assigned  was  to  determine  the  correlation  between  the 
service  behavior  of  ballast  and  the  Los  Angeles  test. 

The  following  is  a  brief  account  of  the  efforts  of  the  subcommittee  to  complete  its 
assignment.  There  is  included,  also,  a  short  discussion  of  the  advantages  and  disadvan- 
tages of  the  respective  physical  tests,  and  finally  a  recommendation  is  made  pertaining 
to  the  physical  testing  of  railroad  ballast  in  the  light  of  our  present  knowledge. 

Description  of  the  Los  Angeles  Test 

The  following  is  a  description  of  the  Los  Angeles  abrasion  test  as  it  has  now  been 
standardized  by  ASTM. 

STANDARD  METHOD  OF  TEST  FOR  ABRASION  OF  COARSE  AGGREGATE  BY 
THE  USE  OF  THE  LOS  ANGELES  MACHINE 

ASTM  Designation  C  131-39 

1.  Scope 

This  method  covers  the  procedure  for  testing  crushed  rock,  crushed  slag,  uncrushed 

gravel,  and  crushed  gravel  (note) ,  for  resistance  to  abrasion  in  the  Los  Angeles  testing 

machine  with  an  abrasive  charge. 

Note.— Ledge  rock,  hand-broken  into  approximately  cubical  fragments  of  the  different  sizes  shown 
when  tested  by  this  method,  has  been  found  to  have  a  loss  of  approximately  85  percent  of  that  for 
crushed  rock  of  the  same  quality. 

2.  Apparatus 

(a)  Los  Angeles  Machine. — The  Los  Angeles  abrasion  testing  machine,  conforming 
in  all  its  essential  characters  to  the  design  shown  in  Fig.  1,  shall  be  used.  The  machine 
shall  consist  of  a  hollow  steel  cylinder,  closed  at  both  ends,  having  an  inside  diameter 
of  28  in.  and  an  inside  length  of  20  in.  The  cylinder  shall  be  mounted  on  stub  shafts 
attached  to  the  ends  of  the  cylinder  but  not  entering  it,  and  shall  be  mounted  in  such 
a  manner  that  it  may  be  rotated  about  its  axis  in  a  horizontal  position.  An  opening  in 
the  cylinder  shall  be  provided  for  the  introduction  of  the  test  sample.  The  opening  shall 
be  closed  dust-tight  with  a  removable  cover  belted  in  place.  The  cover  shall  be  so  de- 
signed as  to  maintain  the  cylindrical  contour  of  the  interior  surface  unless  the  shelf  is 
so  located  that  the  charge  will  not  fall  on  the  cover,  or  come  in  contact  with  it  during 
the  test.  A  removable  steel  shelf,  projecting  radially  2>x/2  in.  into  the  cylinder  and  ex- 
tending its  full  length,  shall  be  mounted  along  one  element  of  the  interior  surface  of 
cylinder.  The  shelf  shall  be  of  such  thickness  and  so  mounted,  by  bolts  or  other  approved 
means,  as  to  be  firm  and  rigid.  The  position  of  the  shelf  shall  be  such  that  the  distance 
from  the  shelf  to  the  opening,  measured  along  the  circumference  of  the  cylinder  in  the 
direction  of  rotation,  shall  not  be  less  than  SO  in. 

Note. — The  use  of  a  shelf  of  wear-resistant  steel,  rectangular  in  cross-section  and  mounted  inde- 
pendently of  the  cov»r,  is  preferred.  However,  a  shelf  consisting  of  a  section  of  rolled  angle,  properly 
mounted  on  the  inside  of  the  cover  plate,  may  be  used  provided  the  direction  of  rotation  is  such  that 
the  charge  will  be  caught  on  the  outside  face  of  the  angle. 

(b)  Sieves. — Square-hole  sieves  of  the  following  sizes  shall  conform  to  the  Standard 
Specification  for  Sieves  for  Testing  Purposes,  ASTM  Designation  E  11: 

Fine  Series:  Coarse  Series: 

No.  12   (1,680  micron)  V/2  in. 

1  in. 
Yi,  in. 
V2  in. 
H  in. 
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Fig.  1. — Los  Angeles  Abrasion  Testing  Machine 

3.  Abrasive  Charge 

(a)  The  abrasive  charge  shall  consist  of  cast  iron  spheres  or  steel  spheres  approxi- 
mately 1%  in.  in  diameter  and  each  weighing  between  390  and  445  g.  The  cast  iron 
spheres  shall  conform  to  the  following  requirements  as  to  chemical  composition: 

Combined  carbon,  min.,  percent   2.50 

Graphitic  carbon,  max.,  percent   0.25 

Manganese,  max.,  percent   0.50 

Phosphorus,  max.,  percent  0.25 

Sulfur,  max.,  percent 0.08 

Silicon,  max.,  percent  1 .00 

Note. — Cast  iron  spheres,  uniform  in  size,  conforming  to  these  specifications  are  available.  The 
above  chemical  requirements  for  the  cast  iron  spheres  are  identical  with  those  for  the  cast  iron  spheres 
used  in  the  rattler  test  for  paving  brick  as  prescribed  in  the  Tentative  Specifications  for  Paving  Brick, 
(ASTM  Designation  C  7). 

Steel  spheres  1§5  in.  in  diameter  and  weighing  417  g.  can  be  obtained  from  at  least 
one  manufacturer.  If  they  are  not  readily  available,  the  next  larger  size,  {1%  in.)  may 
be  ground  to  size. 

(b)  An  abrasive  charge  of  12  spheres  weighing  5,000  ±  25  g.  shall  be  used  with  the 
grading  A  described  in  Section  4,  and  a  charge  of  11  spheres  weighing  4,583  ±  25  g. 
shall  be  used  with  the  grading  B  described  in  Section  4.1 


'See  ASTM  Standards   1941   Supplement,  pages  421   and  422,  for  revisions  of  this  standard. 


Roadway    and    Ballast 535 

4.  Test  Sample 

The  test  sample  shall  consist  of  5,000  g.  of  clean,  dry  aggregate  and  shall  conform 
to  either  of  the  following  gradings.  The  grading  used  shall  be  that  most  nearly  repre- 
senting the  aggregate  furnished  for  the  work. 

Sieve  Size  (Square  Openings)  Grading  A  Grading  B 

Passing     Retained  on  Weight,  g.  Weight,  g. 

1H  in.  1      in 1,250  0 

1       in.  ^  in 1,250  0 

54  in.  y2  in 1,250  2,500 

Yz  in.  Yz  in 1,250  2,500    1 

5.  Procedure 

The  test  sample  and  the  abrasive  charge  shall  be  placed  in  the  Los  Angeles  abrasion 
testing  machine  and  the  machine  rotated  for  500  revolutions  at  a  speed  of  from  30  to 
33  r.p.m.  If  an  angle  is  used  as  the  shelf,  the  machine  shall  be  rotated  in  such  a  direc- 
tion that  the  charge  is  caught  on  the  outside  surface  of  the  angle.  At  the  completion  of 
the  test,  the  material  shall  be  removed  from  the  machine  and  sieved  on  a  No.  12 
(1,680-micron)  sieve.  The  material  retained  on  the  sieve  shall  be  washed,  dried  and 
accurately  weighed  to  the  nearest  gram  (Note). 

Note. — Attention  is  called  to  the  fact  that  valuable  information  concerning  the  uniformity  of  the 
sample  under  test  may  be  obtained  by  determining  the  loss  after  100  revolutions.  When  this  determina- 
tion is  made,  care  should  be  taken  to  avoid  loss  of  any  part  of  the  sample;  the  entire  sample,  including 
the  dust  of  abrasion,  shall  be  returned  to  the  testing  machine  for  the  completion  of  the  test. 

6.  Calculation 

The  difference  between  the  original  weight  and  the  final  weight  of  the  test  sample 
shall  be  expressed  as  a  percentage  of  the  original  weight  of  the  test  sample.  This  value 
shall  be  reported  as  the  percentage  of  wear. 


Procedure  Followed  by  the  Subcommittee 

Obviously,  to  study  the  value  of  the  Los  Angeles  abrasion  test  it  was  advisable  to 
determine  if  the  results  of  the  test  as  applied  to  various  ballasts  showed  any  agreement 
with  service  behavior.  Accordingly,  a  questionnaire  was  mailed  from  the  offices  of  the 
Association  under  date  of  July  27,  1937,  asking  the  railroads  to  supply  the  name  and 
address  of  the  commercial  ballast  plant,  the  kind  of  ballast,  the  railroad  officer's  idea 
as  to  its  excellence  and  also  the  approximate  yearly  tonnage  of  new  ballast  used  per  mile 
of  single  track.  Los  Angeles  test  results  were  available  from  various  sources  on  a  number 
of  commercial  ballasts  which  the  railroads  reported  they  were  using.  The  questionnaires 
were  returned  by  38  railroads,  involving  173  sources  of  ballast  and  an  attempt  was  made 
to  plot  the  data  between  the  Los  Angeles  abrasion  loss  and  the  service  rating  of  these 
ballasts.  The  results  showed  no  particular  relationship.  For  illustration,  excellent  results 
were  reported  for  materials  which  undoubtedly  are  excellent  with  a  Los  Angeles  abrasion 
loss  of  only  11.1  percent  and  also  for  materials  which  are  obviously  soft,  with  a  Los 
Angeles  abrasion  loss  of  61.4  percent.  The  data  did  not  permit  of  analyzing  the  service 
results  in  terms  of  traffic  intensity.  Apparently,  the  personal  equation  of  the  reporter 
influenced  his  idea  as  to  the  excellence  of  the  ballast.  "Excellent"  to  one  reporter  might 
be  only  "Fair"  to  another. 

This  first  attempt  at  correlation  did  not  justify  the  assumption  that  the  Los  Angeles 
abrasion  test  could  be  relied  upon  to  determine  the  quality  of  ballast.  It  was  felt,  how- 
ever, that  perhaps  if  a  more  detailed  questionnaire  could  be  received,  certain  influences 


aSee  ASTM  Standards  1941  Supplement,  pages  421  and  422,  for  revisions  to  this  standard. 
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might  be  discovered  which  would  allow  the  committee  to  determine  the  causes  for  this 
lack  of  correlation  between  service  and  abrasion  loss,  and  on  March  12,  1940,  a  new 
questionnaire  prepared  in  much  more  detail,  was  sent  to  the  railroads  previously  report- 
ing, as  well  as  to  others.  Usable  replies  were  received  in  connection  with  SO  different 
samples  of  commercial  ballasts. 

The  questions  asked  on  the  questionnaire  were  as  follows: 

1.  Kind  of  ballast  and  percent  loss,  Los  Angeles  test. 

2.  Source  of  material,  location. 

3.  Name  of  railroad. 

4.  Location  of  section  of  track  to  which  the  following  information  applies. 

5.  Indicate  subgrade  condition — satisfactory  or  soft. 

6.  Traffic  on  track  section  selected. 

7.  Indicate  kind  of  tamping  equipment  used. 

8.  Approximate  period  between  lifts. 

9.  Estimate  of  tons  of  new  ballast  required  per  mile  per  year  to  maintain  track 
under  normal  maintenance  conditions. 

10.  Behavior  of  ballast  in  service. 

11.  At  about  what  intervals  was  the  ballast  in  this  track  section  cleaned? 

12.  How  would  you  rate  this  ballast  for  the  service  it  receives  on  the  track  sec- 
tion to  which  this  report  applies? 

(a)  Excellent        (b)  Good         (c)  Fair         (d)  Poor 

With  the  above  information  at  hand  it  was  hoped  that  any  inconsistencies  in  the 
replies  received  might  be  satisfactorily  explained.  For  illustration,  if  bad  reports  were 
received  from  obviously  good  ballast,  perhaps  soft  subgrade  conditions  might  be  the 
explanation.  Perhaps  there  might  be  some  relationship  between  the  annual  tonnage  of 
traffic  and  the  service  behavior  of  ballasts  having  different  physical  properties.  Perhaps 
there  might  be  some  explanation  offered  by  the  kind  of  tamping  equipment  used.  Maybe 
the  number  of  tons  of  new  ballast  required  per  mile  per  year  to  maintain  the  track 
might  offer  a  clue  as  to  the  excellence  of  the  ballast  in  service.  However,  after  analyzing 
the  results  there  were  still  obvious  inconsistencies  between  the  percentage  of  loss  in  the 
Los  Angeles  abrasion  test  and  the  reports  on  service  behavior.  For  illustration,  there 
are  cases  of  excellent  service  behavior  in  ballasts  having  very  high  percentages  of  loss 
in  the  abrasion  test  and  no  apparent  explanation  is  offered  for  this  inconsistency  by  the 
various  answers  to  the  questionnaire. 

Ballasts  classed  as  "Excellent"  showed  percentages  of  loss  extending  up  to  a  maxi- 
mum of  25  percent,  with  annual  train  traffic  ranging  from  only  1,700,000  tons  up  to 
over  51,000,000  tons.  Ballasts  classed  as  "Good"  ranged  in  Los  Angeles  abrasion  loss 
from  17  to  35.6  percent  with  traffic  ranging  between  2,000,000  to  36,000,000  tons,  while 
ballasts  placed  in  the  classification  of  "Fair"  showed  Los  Angeles  abrasion  losses  of  from 
17  to  54  percent  with  traffic  ranging  up  to  37,400,000  tons.  The  particular  sample  show- 
ing only  17  percent  loss  and  classified  as  "Fair"  had  the  highest  traffic  tonnage  in  that 
classification.  In  general,  however,  the  ballasts  classed  as  "Excellent"  have  Los  Angeles 
abrasion  losses  extending  up  into  the  range  of  losses  obtained  with  the  ballasts  in  the 
"Good"  classification  and  even  up  into  the  range  of  losses  obtained  with  the  ballasts 
classed  as  "Fair". 

There  is  one  uncontrollable  variable  in  this  method  of  comparing  service  behavior 
with  Los  Angeles  abrasion  loss  and  that  is  the  non-uniformity  in  excellence  of  mainte- 
nance. Such  a  comparison  of  service  behavior  might  possibly  be  made  if  the  sections  of 
track  reported  upon  by  the  various  railroads  were  always  kept  in  about  the  same  con- 
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dition  of  excellence.  The  amount  of  ballast  bought  per  year  may  not  have  any  direct 
relationship  to  its  need  for  maintaining  the  track  in  uniformly  good  condition.  The  fund 
available  for  ballasting  purposes  probably  enters  into  the  picture.  At  any  rate,  there 
seems  to  be  no  relationship  between  the  Los  Angeles  abrasion  loss  and  the  number  of 
tons  of  ballast  used  per  year  per  million  tons  of  train  traffic. 

In  brief,  then,  despite  very  earnest  effort  to  see  if  there  might  be  some  correlation 
between  the  Los  Angeles  abrasion  percentage  of  loss  and  the  service  behavior  of  ballast 
of  various  kinds,  it  cannot  be  said  that  any  definite  relationship  has  been  established. 
This  does  not  necessarily  mean  that  the  Los  Angeles  abrasion  method  of  determining 
the  physical  properties  of  ballast  is  any  less  suitable  than  the  three  general  methods  now 
being  used  at  the  present  time,  namely,  the  Deval  abrasion,  the  modified  Deval  abrasion 
test  for  use  with  gravel,  and  the  standard  toughness  test.  It  does  mean,  however,  that 
thus  far  our  efforts  at  establishing  a  correlation  of  the  Los  Angeles  test  with  service 
behavior  have  not  been  entirely  successful. 

Discussion  of  the  Merits  of  the  Respective  Physical  Tests 

Deval  Abrasion  Test. — The  Deval  abrasion  test  is  made  in  a  cast  iron  cylinder  which 
is  20  cm.  in  diameter,  34  cm.  long  mounted  with  the  axis  of  the  cylinder  inclined  at  30 
deg.  with  the  axis  of  rotation.  The  test  specimen  is  composed  of  SO  pieces  of  rock  broken 
approximately  cubical  in  shape  and  of  approximately  uniform  size,  the  SO  pieces  weighing 
S  kg.  No  charge  of  steel  shot  is  used  with  this  sample.  The  machine  is  revolved  10,000 
times  at  a  speed  of  from  30  to  33  r.p.m.  and  thus  the  test  required  something  over  5 
hours  to  complete.  Not  much  impact  is  involved,  although  there  is  some  impact  due  to 
the  specimen  sliding  and  falling  from  one  end  of  the  cylinder  to  the  other  twice  to  each 
revolution.  However,  there  is  a  lot  of  abrasion  loss. 

Modified  Deval  Abrasion  Test  (for  Testing  Gravel). — This  test  utilizes  the  same 
machine  as  the  Deval  abrasion  test.  However,  an  abrasive  charge  of  6  cast  iron  spheres 
about  1%  in.  in  diameter  is  used  and  the  sample  of  gravel  may  be  graded  in  four  dif- 
ferent ways  to  most  nearly  suit  the  material  to  be  tested.  The  details  of  the  test  are  too 
lengthy  for  inclusion  here,  but  may  be  found  in  the  ASTM  Standards  for  1939,  Part  II, 
p.  1023,  under  the  title  Tentative  Method  of  Test  for  Abrasion  of  Gravel  by  the  Use  of 
the  Deval  Machine,  ASTM  Designation,  D  289-3  7T. 

The  Toughness  Test. — This  requires  that  a  sample  of  rock  be  cored  by  means  of  a 
diamond  core  drill,  25  mm.  in  inside  diameter.  The  specimen  is  made  25  mm.  high.  It 
must  be  very  smoothly  faced  at  least  at  one  end.  This  specimen  is  subjected  to  impact 
of  a  2-kg.  plunger  falling  on  a  1-kg.  hammer,  the  end  of  which  has  a  radius  of  1  cm. 
This  test  is  subject  to  many  variations.  For  illustration,  if  the  plunger  becomes  slightly 
flat,  due  to  wear,  or  due  to  deformation  under  impact,  false  results  are  secured.  If  for 
any  reason  the  mounting  of  the  machine  results  in  the  slightest  cushioning  of  the  blow, 
the  full  impact  is  not  received  on  the  specimen.  Even  the  shape  of  the  falling  weight 
seems  to  make  a  difference  in  the  results  and  there  is  no  question  that  a  number  of 
incorrect  results  have  been  obtained  in  the  past.  Probably,  they  have  been  too  low  in 
value.  Specimens  having  high  toughness  as  a  rule  have  a  very  low  percentage  of  wear 
in  the  Deval  abrasion  test.  The  reverse  does  not  follow  however. 

The  Los  Angeles  Abrasion  Test. — This  quite  evidently  is  not  only  a  test  for  resist- 
ance to  abrasion,  but  also  must  be  a  test  for  resistance  to  impact.  It  is  felt  therefore 
that  the  Los  Angeles  abrasion  test  subjects  the  rock  to  impact  and  abrasion  and  there- 
fore it  measures  about  the  same  qualities  as  are  measured  by  the  three  tests  now  specified. 
The  Los  Angeles  abrasion  test  has  the  advantage  of  utilizing  material  as  it  is  commer- 
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daily  produced,  whether  that  material  be  gravel,  slag  or  crushed  stone.  The  two  tests 
which  are  applied  to  stone  utilize  material  which  is  generally  prepared  from  ledge  rock. 
The  toughness  test  is  hard  to  duplicate  in  different  laboratories.  Some  difficulties  have 
also  been  had  with  the  Deval  abrasion  test  because  of  the  different  shapes  of  the  samples 
obtained  by  different  methods  of  preparation. 

The  modified  Deval  abrasion  test  as  applied  to  gravel  introduces  some  difficulty 
because  the  percentage  of  crushed  fragments  enters  into  the  result.  Different  specification 
limits  are  used  depending  upon  the  percentage  of  crushed  fragments  in  the  sample.  The 
time  for  making  the  test  is  the  same  as  for  the  Deval  abrasion  test. 

The  Los  Angeles  abrasion  test,  on  the  other  hand,  can  be  duplicated  with  rather 
close  accuracy  in  different  laboratories  and,  furthermore,  the  time  required  for  making 
the  Los  Angeles  test  is  only  about  16  min.  as  against  at  least  5  hours  in  the  case  of  the 
Deval  abrasion  test.  The  preparation  of  the  sample  is  both  expensive  and  time-consuming 
in  the  case  of  the  impact  test.  Apparently,  also,  the  Los  Angeles  test  agrees  very  well 
with  the  resistance  of  the  aggregate  to  the  crushing  action  of  the  road  roller  and  traffic 
and  presumably  also  with  the  action  of  tamping  tools.  Tests  which  rather  strongly  in- 
dicate a  correlation  between  the  action  of  tamping  tools  and  the  results  of  the  Los 
Angeles  abrasion  test  have  been  made  by  one  of  the  railroads  and  a  report  thereon  is 
presented  on  following  pages  (Appendix  A).  It  would  be  much  simpler  to  use  a  single 
test  equally  applicable  to  all  standard  ballasts  than  the  three  tests  now  specified. 

If  the  reasons  for  the  exceptions  in  the  correlations  with  service  behavior  of  the 
Los  Angeles  loss  could  be  ascertained,  that  test  would  probably  be  found  suitable  for 
railroad  ballast  just  as  it  is  suitable  for  highway  materials. 

At  the  present  time  there  is  one  difficulty  about  using  the  Los  Angeles  abrasion 
test  for  ballast,  namely,  the  fact  that  different  sizes  of  ballast  are  now  specified,  and 
to  be  able  to  test  these  different  sizes  properly  a  suitable  range  in  sizes  must  be  used  in 
the  Los  Angeles  test,  corresponding  to  the  range  of  sizes  in  the  actual  material  to  be 
tested.  Experiments  have  been  conducted  which  have  fairly  well  established  what  changes 
are  necessary  in  the  test  to  make  it  suitable  for  a  rather  wide  range  in  sizes.  However, 
no  method  has  been  established  for  testing  the  largest  size  of  material  used  for  crushed 
stone  ballast. 

Conclusion 

Undoubtedly,  the  trend  in  the  testing  of  aggregates  is  toward  the  use  of  the  Los 
Angeles  abrasion  test.  The  simplicity  of  the  method  and  its  apparent  agreement  with 
service  have  recommended  it  for  use  in  highway  testing.  Its  simplicity  also  recommends 
it  for  use  in  ballast  testing,  but  thus  far  its  correlation  with  service  results  has  not  been 
established.  Perhaps  such  a  correlation  might  be  better  established  in  the  course  of  time 
if  the  Los  Angeles  abrasion  test  were  inserted  as  an  alternate  in  the  AREA  specifications, 
to  be  used  if  so  desired  instead  of  the  Deval,  the  modified  Deval  and  the  standard  impact 
test.  Thus,  in  the  course  of  time  data  would  be  accumulated  in  comparison  with  service 
behavior  that  might  establish  definitely  whether  the  Los  Angeles  abrasion  test  might  be 
used  exclusively  in  the  place  of  our  three  present  physical  tests.  It  is  believed  that  the 
Los  Angeles  test  is  fully  as  reliable  as  the  older  tests  and  its  simplicity  and  speed  as  well 
as  the  utilization  of  samples  taken  from  the  actual  material  supplied  as  ballast  recom- 
mend it  for  use. 
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Appendix  A 

Investigation  of  Various  Types  of  Stone  Ballast 
Purpose 

The  object  of  the  investigation  was  to  determine  the  adaptability  of  the  different 
types  of  stone  ballast  to  service  in  high-speed,  heavy-duty  tracks  handling  from 
20,000,000  to  50,000,000  gross  tons  per  annum. 

Subgrade,  tonnage  and  speed  have  a  bearing  on  the  amount  of  tamping  required 
to  keep  the  track  in  surface  and  the  frequency  with  which  raising  cycles  should  be 
undertaken.  The  more  track  is  tamped,  either  for  surfacing  or  a  general  lift,  the  greater 
will  be  the  disintegration  of  the  ballast  so  tamped. 

The  service  conditions  resulting  from  the  physical  properties  of  ballast  should,  if 
possible,  be  determined  independently.  To  this  end  identical  tamping  tests  were  made  to 
determine  the  crushing  effect  on  each  of  13  different  types  of  stone  ballast. 

Description  of  Tamping  Test 

A  steel  box  three  feet  six  inches  by  three  feet  six  inches,  by  six  inches  in  depth,  was 
provided.  A  square  sawed  tie  was  secured  in  the  box  with  its  bottom  three  inches  above 
the  bottom  of  the  box. 

Stone  ballast  with  sizes  ranging  from  2J^  in.  to  1%  in.  was  used  and  screened.  All 
pieces  over  or  under  size  were  eliminated. 

The  box  was  filled  with  weighed  ballast  to  an  even  depth  of  four  inches. 

Two  men  working  together  simultaneously  tamped  the  ballast  under  the  tie.  Eight- 
pound  tamping  picks  with  similar  faces  were  used. 

Hand  tamping  was  continued  for  30  min.  actual  tamping,  stop-watch  timing.  At  end 
of  30  min.  the  ballast  was  screened  into  the  various  sizes  into  which  it  was  crushed,  and 
each  size  weighed. 

All  ballast,  including  the  crushed  residue,  was  returned  to  the  box  and  the  tamping 
continued  for  another  30  min. 

The  ballast  was  again  screened,  segregated  into  the  following  grades,  and  the  weights 
recorded: 

(a)  Quantity  retained  on  lj4-in.  screen. 

(b)  Quantity  retained  on  34-in.  screen. 

(c)  Quantity  retained  on  J4-in.  screen. 

(d)  Remaining  small  pieces,  and  dust. 

Each  kind  of  ballast  was  also  tested  in  a  similar  manner  with  the  various  machine 
type  tampers.  With  each  of  these  mechanical  tampers  the  men  worked  opposite  each 
other,  conforming  to  actual  practice  in  tamping  ties  in  track. 

To  determine  the  effect  of  the  weight  of  the  picks  on  the  crushing  of  the  ballast 
under  tamping,  separate  tests  were  made  on  four  kinds  of  stone  using  six-pound,  seven- 
pound,  eight-pound,  and  nine-pound  picks. 

Concurrent  with  the  tamping  tests,  separate  laboratory  tests  were  run  from  samples 
of  the  same  ballasts. 

To  determine,  if  possible,  a  definite  relationship  between  tamping  tests  and  the  Los 
Angeles  abrasion  test,  five  simultaneous  tests,  i.e.  pick  tamping  and  Los  Angeles  rattler, 
were  conducted. 
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Table  1. — 30-Mm.  Tamping  Test 


Pick 

Mechanical 

Quar- 

Percent Through 

Balance 

Percent    Through 

Balance 

Retained 
onlji" 

Retained 
on  \\i" 

ry 

M" 

H" 

\H" 

X" 

H" 

IX" 

Screen 

Screen 

Screen 

Screen 

Screen 

Screen 

Screen 

Screen 

A 

4 

7 

14 

86 

5 

8 

16 

84 

B 

7 

12 

22 

78 

6 

9 

18 

82 

C 

9 

15 

25 

75 

9 

13 

21 

79 

D 

8 

14 

28 

72 

6 

10 

18 

82 

E 

10 

16 

30 

70 

7 

11 

22 

78 

F 

9 

16 

28 

72 

9 

14 

27 

73 

G 

11 

19 

33 

67 

8 

12 

19 

81 

H 

10 

17 

33 

67 

8 

17 

27 

73 

I 

IS 

22 

46 

54 

9 

16 

40 

60 

J 

11 

20 

42 

58 

9 

15 

33 

67 

K 

12 

19 

35 

65 

12 

18 

33 

67 

L 

13 

23 

40 

60 

9 

16 

29 

71 

M 

11 

20 

43 

57 

8 

13 

20 

80 

Table  2. — 60-Min.  Tamping  Test 


A 

6 

11 

21 

79 

8 

13 

23 

77 

B 

9 

15 

24 

76 

9 

14 

25 

75 

C 

13 

20 

36 

64 

14 

20 

30 

70 

D 

13 

23 

42 

58 

10 

15 

25 

75 

E 

15 

25 

44 

56 

11 

16 

30 

70 

F 

14 

25 

46 

54 

14 

21 

36 

64 

G 

16 

26 

40 

60 

12 

18 

26 

74 

H 

19 

30 

51 

49 

13 

19 

32 

68 

I 

19 

31 

58 

42 

14 

24 

51 

49 

J 

20 

33 

63 

37 

16 

25 

44 

56 

K 

22 

35 

56 

44 

18 

27 

44 

56 

L 

22 

36 

66 

34 

15 

24 

41 

59 

M 

19 

34 

66 

34 

14 

21 

33 

67 

The  three  tables  cover  the  following  tests: 

1.  30  min.  tamping  test. 

2.  60-min.  tamping  test. 

3.  Laboratory  test. 


Relationship  of  Tamping  Test  to  Laboratory  Tests 

While  the  tamping  test  developed  very  definitely  the  relative  disintegration  of  the 
13  types  of  stone  examined,  it  is  of  such  a  nature  as  to  be  laborious  and  rather  costly 
for  further  application  as  different  kinds  of  hard  ballast  are  tested  from  time  to  time. 

In  associating  the  results  of  the  tamping  tests  with  the  laboratory  tests  for  the  same 
samples,  it  was  developed  that: 

1.  The  Deval  abrasion  test  roughly  parallels  the  tamping  test  but  the  results  are 
not  entirely  conclusive  in  every  instance  because: 
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Table  3. — Laboratory  Tests 


Sodium 

Cementing 

Crushing 

Water 

Weight 

Sulfate 

Value 

Strength 

Absorp- 

Pounds 

Quarry 

Soundness 

Deval 

Pounds  per 

Pounds  per 

tion  Pounds 

per  Cubic 

%  Loss 

Test 

Square 

Square 

per  Cubic 

Foot 

10  Cycles 

%  Wear 

Inch 

Inch 

Foot 

A 

1 
1 

2.3 

3.0 

203 
340 

0.19 
0.32 

189.9 

B 

33,760 

169.0 

C 

1 

4.0 

282 

13,640 

1.82 

168.4 

D 

1 

2.6 

216 

37,490 

0.46 

182.7 

E 

1 

2.8 

276 

26,260 

0.33 

163.4 

F 

1 

4.2 

340 

25,730 

0.43 

178.9 

G 

1 

3.8 

442 

17,900 

0.68 

170.0 

H 

1 

4.6 

372 

20,450 

0.27 

168.4 

I 

4 

4.2 

726 

20,800 

1.00 

162.2 

J 

1 
4 

4.3 
4.8 

470 
322 

0.33 
1.50 

167.7 

K 

165.9 

L 

1 

3.6 

386 

30,800 

0.16 

172.8 

M 

1 

3.9 

427 

0.21 

178.9 

(a)  The  measure  of  the  difference  revealed  between  good  and  doubtful  ballast  is 
too  small. 

(b)  It  has,  in  isolated  cases,  shown  satisfactory  results  on  ballast  which  tamping 
test  showed  to  be  unsatisfactory. 

2.  The  Deval  test  has  in  certain  samples  disclosed  a  weakness  in  the  stone  not 
apparent  in  either  the  Los  Angeles  or  pick  tamping  test.  This  was  on  stone  known  to 
be  unsatisfactory  in  service. 

3.  The  Los  Angeles  rattler  "Percent  of  Wear  After  500  Revolutions"  gives  results 
closely  parallel  with  the  pick  tamping  results. 

4.  Sodium  sulfate  soundness  test,  cementing  value,  water  absorption,  and  weight, 
while  of  independent  value,  revealed  no  consistent  relation  to  the  tamping  test. 

5.  The  laboratory  test  of  crushing  strength,  while  showing  in  many  instances  a  direct 
relationship  to  the  tamping  test,  cannot  be  depended  upon  in  all  instances  and  is  there- 
fore of  little  value  in  determining  the  suitability  of  stone  for  ballast. 

Conclusions 

1.  There  is  a  material  difference  in  the  percentage  of  small  pieces  and  dust  produced 
by  tamping  various  kinds  of  ballast.  This  is  evident  from  machine  tamping  as  well  as 
pick  tamping  service  tests. 

2.  By  associating  the  results  thus  obtained  on  stone  known  from  experience  to  be 
satisfactory  with  the  results  on  stone  known  to  be  unsatisfactory,  reasonable  limits  of 
crushing  which  are  objectionable  can  be  determined. 

3.  Some  quarries  produce  stone  which,  apparently  due  to  variable  composition,  is 
satisfactory  at  times,  whereas  other  samples  from  the  same  quarry  are  not  satisfactory. 
The  only  method  of  determining  whether  satisfactory  ballast  will  be  furnished  is  con- 
stant testing. 

4.  Pick  tamping  is  the  most  severe  treatment  to  which  stone  ballast  is  subjected. 

5.  Sixty  minutes  pick  tamping  gives  the  most  decisive  results. 
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6.  Approximately  two-thirds  of  the  crushing  occurs  in  the  first  30  min. 

7.  The  percent  passing  through  the  ^-in.  screen  after  30  min.  tamping  approximates 
the  percent  passing  through  the  j4-in.  screen  after  60  min. 

8.  The  percent  of  stone  crushed  in  the  pick  tamping  test  is  approximately  propor- 
tionate to  the  weight  of  the  pick.  Generally  there  appears  to  be  little  difference  in  crush- 
ing with  the  seven-pound  and  eight-pound  picks,  but  the  six-pound  pick  causes  decidedly 
less  crushing. 

9.  Machine  tamping  is  less  severe  on  the  stone  than  pick  tamping. 

10.  For  tracks  with  the  tonnage  herein  considered,  and  with  the  amount  of  surfacing 
and  cycle  out-of-face  lifts,  the  ballasts  passing  15  percent  or  less  fines  through  a  lA~in- 
screen  after  60  min.  of  pick  tamping  give  the  best  results. 

11.  With  the  Deval  test  all  of  the  stones  mentioned  in  the  previous  paragraph,  with 
two  exceptions,  show  3.2  percent  or  less  loss  from  abrasion. 
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LOS  ANGELES  ABRASION  TEST 
500  REVOLUTIONS 


PICK  TAMPING  30  MINUTES 
THRU3/4"|SCREEN 


PICK  TAMPING  30  M  NUTES 
THRU  Va,"  SCREEN  , 


DEVAL  ABRASION  TEST 


V  W  X 

Quarry 

NOTE--  Pick  Tamping  Test  On  Above  5  Sampues 
Not  Conducted  Beyond  30  Minutes. 


Fig.  1. — Graph  of  Comparison  of 
Pick  Tamping  Tests  with  Los  Angeles 
and  Deval  Tests. 


12.  The  Los  Angeles  rattler  test  consumes  very  little  time  as  compared  with  the 
Deval  test  and  the  comparative  results  with  the  tamping  test  are  as  consistent  as  the 
Deval  test.  Therefore,  it  should  be  added  to  the  laboratory  tests  for  hard  ballast. 

13.  The  Los  Angeles  rattler  is  a  practical  and  very  convenient  method  for  quick 
testing  at  outlying  points. 

The  chart  shows  a  comparison  of  the  pick  tamping  tests  and  the  Los  Angeles  and 
Deval  abrasion  tests. 

No  tests  were  made  which  would  determine  the  adaptability  of  stone  ballast  of 
lower  grade  for  use  where  the  track  is  maintained  by  fork,  shovel,  or  bar  tamping. 
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Report  on  Assignment  13  (a) 

Investigate  the  Use  of  Asphalt  in  Ballast 

J.   M.   Podmore    (chairman,   subcommittee),   Clifton   Brannon,   G.   H.   Burnette,   H.   B. 
Bussing,  F.  W.  Capp,  W.  S.  Moore,  C.  P.  Nicholson,  C.  S.  Wicker. 

This  report  is  submitted  as  information  with  the  recommendation  that  the  subject 
be  continued. 

In  the  fall  of  1939  a  600-ft.  test  section  of  emulsified  asphalt-coated  stone  ballast 
was  installed  in  the  eastbound  high-speed  track  of  the  New  York  Central  Railroad  at 
the  Byron,  Ohio,  passenger  station  platform.  An  account  of  its  condition  and  the  main- 
tenance outlay  has  been  reported  to  the  Association  each  year  since  the  installation  was 
completed. 

In  April  1942,  new  rail  and  new  fastenings,  except  the  tie  plates,  were  laid  through 
the  test  section  of  track.  In  relaying  the  rail  through  the  test  section,  the  joints  were 
made  to  conform  with  the  location  of  the  old  joints.  This  obviated  the  necessity  for 
respacing  the  ties.  At  the  time  of  writing  this  report,  no  work  other  than  that  stated 
above  has  been  performed  on  this  test  section  in  1942. 

In  one  rail  length  there  are  a  few  loose  ties  and  it  is  the  intention  to  retamp  these 
before  the  end  of  the  year.  This  work  will  require  the  following  labor  and  material: 
1  cu.  yd.  of  sand. 
30  gal.  of  emulsified  asphalt. 
24  hours  time  for  section  foreman. 
96  hours  time  for  section  laborers. 
120  total  hours  time  for  foreman  and  laborers. 

No  other  work  is  necessary  on  this  test  section.  The  track  does  not  heave  due  to 
frost;  the  seal  coat  sheds  water  readily,  retains  foreign  matter  and  prevents  it  from 
getting  into  the  ballast. 

The  track  in  the  test  section  rides  well,  remains  in  good  line  and  surface  and  con- 
tinues to  give  satisfactory  results  with  a  minimum  of  expenditure. 


Report  on  Assignment  13  (b) 

Use  of  Grout  in  Ballast 

J.   M.   Podmore    (chairman,   subcommittee),   Clifton   Brannon,    G.   H.   Burnette,   H.   B. 
Bussing,  F.  W.  Capp,  W.  S.  Moore,  C.  P.  Nicholson,  C.  S.  Wicker. 

Your  committee  has  obtained  information  from  various  sources  regarding  methods 
employed  in  introducing  Portland  cement  grout  in  stone  ballast  and  the  photographs 
on  following  pages  illustrate  the  various  steps  in  the  process.  The  procedure  is  also  set 
forth  in  the  following  outline  of  practice  which  is  presented  as  information. 

Procedure  for  the  Introduction  of  Portland  Cement  into  Ballast 
1.  Ballast 

The  ballast  should  conform  with  AREA  specifications  for  crushed  stone,  crushed  slag 
or  prepared  gravel,  except  that  it  is  inadvisable  to  grout  ballast  containing  particles 
which  will  pass  a  one-inch  opening. 
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2.  Cement 

The  Portland  cement  should  comply  with  AREA  Specifications  for  Portland  Cement. 

3.  Sand 

The  sand  should  be  natural  sand,  free  from  organic  impurities,  clean,  hard  and 
durable,  within  the  following  limits  as  to  size: 

Sieve  No.  Percent  Passing 

8    100 

14    90-100 

50    15-30 

100    0-10 

4.  Water 

The  water  should  be  clean,  clear,  free  from  oil,  acid,  alkalies,  salts  and  vegetable 
matter. 

5.  Temperature 

Grouting  should  not  be  undertaken  when  the  temperature  of  either  the  air  or  the 
ballast  is  above  100  deg.  F.  or  below  40  deg.  F.,  unless  the  grouted  ballast  is  protected 
from  either  heat  or  frost. 

6.  Grout 

The  grout  should  consist  of  a  mixture  of  Portland  cement,  sand  and  water  in  the 
proportion  of  one  bag  (94  lb.)  Portland  cement  to  about  2  cu.  ft.  of  surface  dry  loose 
sand  (approximately  190  lbs.).  The  amount  of  water  should  vary  from  8  to  10  gal.  per 
sack  of  cement  and  the  amount  to  produce  proper  fluidity  should  be  determined  by 
repeated  trials. 

The  cement,  sand,  and  water  in  the  grout  should  be  thoroughly  mixed.  The  grout 
should  be  sufficiently  plastic  to  prevent  the  water  from  separating  from  the  cement  and 
the  sand. 

Grouting 

If  necessary,  before  applying  the  grout,  lightly  sprinkle  the  ballast  with  water  but 
not  enough  to  wet  the  subgrade. 

Grouting  should  start  at  the  highest  elevation  in  the  track  and  be  worked  towards 
the  lowest  elevation  so  that  any  excess  can  be  broomed  ahead  as  the  work  progresses. 

The  grout  should  be  deposited  between  the  ties  for  the  full  width  between  the  bulk- 
heads. It  should  penetrate  through  the  ballast  to  the  subgrade  and  rise  to  the  top  of 
the  ties  and  cover  the  ballast.  The  grouting  should  proceed  in  a  continuous  process  until 
work  on  the  designated  section  of  track  is  completed.  The  grout  should  not  be  poured 
so  fast  as  to  clog  the  surface  openings,  or  to  disturb  the  ballast  unduly. 

The  penetration  of  the  grout  should  be  checked  occasionally.  This  can  be  done  by 
digging  test  holes  ahead  of  the  grouting  and  observing  the  depth  of  penetration.  The 
grout  should  enter  the  voids  in  the  bottom  of  the  ballast  when  the  surface  application 
is  about  two  feet  away  and  fill  the  voids  as  the  grouting  proceeds.  To  meet  this  require- 
ment, the  ballast  may  have  to  be  loosened  if  too  compact  by  spudding  with  a  lining  bar, 
care  being  used  to  avoid  disturbing  the  tamping.  It  also  may  be  necessary  to  adjust  the 
amount  of  sand,  cement  or  water  to  give  the  proper  fluidity  to  the  grout. 

When  the  grouting  has  been  completed  and  after  the  free  moisture  has  disappeared 
prior  to  initial  hardening,  usually  from  one-half  to  one  hour  after  grouting,  the  grouted 
ballast  should  be  compacted  with  a  hand  tamper  weighing  about  50  lb.,  with  a  face  of 
about  100  sq.  in.  shaped  to  tamp  easily  between  the  ties. 
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When  necessary  to  stop  operations  for  three  hours  or  more,  a  dam  or  bulkhead 
should  be  constructed  the  full  depth  of  the  ballast  and  for  the  full  width  of  the  trench 
and  the  grouting  stopped  at  this  point. 

To  cure  the  grouted  ballast  when  completed,  it  should  be  kept  wet  for  a  period 
of  at  least  48  hours. 

The  grouting  of  track  ballast  may  be  carried  on  with  the  track  either  out  or  in 
service  with  satisfactory  results.  However,  it  is  recommended  that,  wherever  possible, 
the  work  be  done  with  the  track  out  of  service.  This  will  insure  the  most  desirable  results 
with  the  least  cost. 

The  grout  may  be  mixed  by  various  methods,  for  example,  by  hand  in  a  mixing 
box,  by  a  small  motor-driven  mixing  machine,  or  by  a  motor-driven  concrete  paver,  or 
by  a  transit  mixing  truck.  The  rate  of  mixing  or  capacity  of  the  equipment  should  be 
sufficient  to  maintain  the  desired  rate  of  progress. 

Methods  of  Application 
Grouting  Track  Out  of  Service  . 

First  remove  the  track  material;  then  the  old  ballast  should  be  excavated  for  a 
depth  of  12  in.  below  the  established  grade  for  the  bottom  of  the  ties.  Where  there  is 
only  one  track,  excavate  to  a  uniform  width  of  about  5  ft.  each  side  of  the  center  line. 
Where  there  are  parallel  and  adjacent  multiple  tracks,  excavate  to  the  center  between 
tracks.  Bulkheads  should  then  be  constructed  along  the  edges  of  the  excavation  to  retain 
the  ballast  and  grout.  Into  this  trench  new  ballast  should  be  deposited  to  the  established 
grade  for  the  bottom  of  the  ties. 

Upon  this  ballast  rebuild  the  track  with  new  creosoted  pre-bored  ties,  if  possible. 
If  necessary,  renew  the  rail  and  other  track  material  or  put  them  in  good  condition  before 
reuse.  When  laid,  the  track  should  be  tamped  the  full  length  of  the  ties,  preferably  with 
power  tools.  After  the  track  is  tamped,  fill  in  with  ballast  to  the  top  of  the  ties. 

Traffic  should  then  be  restored  to  develop  irregularities,  and  after  a  reasonable 
length  of  time  for  the  track  to  attain  a  stable  condition,  it  should  again  be  taken  out 
of  service  and  brought  to  the  correct  line  and  grade  and  the  grout  applied. 

Grouting  Track  in  Service 

When  the  track  cannot  be  taken  out  of  service,  a  speed  restriction  should  be  imposed 
and  the  track  work  handled  as  outlined  above,  with  the  exception  that  it  is  desirable  to 
use  sawed  rather  than  hewed  ties.  Sawed  ties  will  have  a  uniform  bearing  on  the  skids 
to  be  used  for  supporting  the  track  during  the  process  of  excavation. 

The  width  and  depth  of  old  ballast  to  be  excavated  should  be  the  same  as  stated 
above  where  track  is  taken  out  of  service.  To  support  the  track  during  the  removal  of 
the  old  ballast,  first  excavate  trenches  about  6  to  7  ft.  long  or  sufficient  to  permit  the 
placing  of  10-in.  by  12-in.  by  5-ft.  skids  under  the  ties  and  directly  under  each  rail. 

Place  the  10-in.  face  of  the  timber  skids  on  the  subgrade  as  many  of  these  openings 
and  skids  can  be  provided  to  expedite  the  work  as  the  force  will  permit.  Excavate  in 
advance  of  the  skids;  as  the  skids  are  moved  forward,  fill  in  back  of  the  skids  with  new 
ballast  to  the  bottom  of  the  ties  and  tamp. 

To  move  the  skids  forward,  hold  the  track  up  with  track  jacks  thus  removing  the 
load  from  the  skids.  If  the  old  ballast  is  hard  to  remove,  use  powe.r  .tools  to  break  it  up. 
After  the  new  ballast  has  been  placed  and  tamped,  follow  the  same  procedure  as  ex- 
plained above  where  the  track  is  taken  out  of  service. 

(The  photographs  reproduced  on  following  pages  illustrate  the  process.) 
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Timber  Skids  Supporting  Ties. 


New  Stone  Ballast  Being  Deposited  by  Work  Train  and 
Crane  on  Subgrade  Between  Forms.  Track  Material  and  Old 
Ballast  Were  First  Removed. 
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Grout  Mixed  in  a  One  Cubic-Yard  Paver  Delivered  to  the  Track  by  Bucket 
and  Spread  with  Brooms. 


• 


Distribution  of  Grout  Through  a  Long  Wooden  Trough  by  Mixer  Auto  Truck. 
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Pouring  Grout  in  Track  from  Mortar  Box  After  Mixing. 
Discharge  of  Grout  Regulated  by  Hand  Gate. 


Report  of  Committee  4 — Rail 

W.  H.  Penfield,  Chairman,    J.  M.  Farrin  C.  B.  Bronson,  Vice- 

J.  B.  Akers  P.  O.  Ferris  Chairman, 

W.  T.  Alexander  F.  W.  Gardiner  E.  E.  Oviatt 

J.  E.  Armstrong  C.  J.  Geyer  J.  C.  Patterson 

S.  E.  Armstrong  J.  L.  Gressitt  Philip  Petri 

W.  C.  Barnes  G.  W.  Harris  B.  H.  Prater 

W.  H.  Bettis  E.  M.  Hastings  A.  N.  Reece 

F.  W.  Biltz  B.  Herman  J.  C.  Ryan 

C.  H.  Blackman  F.  S.  Hewes  L.  H.  Schelfele 

N.  J.  Boughton  W.  H.  Hillis  R.  T.  Scholes 

W.  J.  Burton  Maro  Johnson  F.  S.  Schwinn 

H.  A.  Casslt,  W.  H.  Kirkbride  A.  N.  Talbot* 

E.  E.  Chapman  B.  R.  Kulp  Barton  Wheelwright 

C.  M.  Chumley  F.  R.  Layng  W.  P.  Wlltsee 

H.  R.  Clarke  G.  M.  Magee  R.  P.  Wlnton 

C.  J.  Code  R.  W.  Marye  J.  G.  Wishart 

E.  J.  Cullen  Ray  McBrian  Louis  Yager 

W.  A.  Duff  C.  E.  Morgan  Committee 

•Died  April  3,  1942. 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  report,  including  the  Emergency  Provisions  covering  the  specifications  for 
open-hearth  steel  rails,  heat-treated  carbon-steel  and  alloy-steel  track  bolts,  and 
spring  washers.  Also  Recommended  Simplification  and  Standardization  in  Design  of 
Joint  Bars  to  be  Used  with  New  Rail  for  the  Duration  of  the  War page  SSI 

2.  (a)  Further  research,  including  details  of  mill  practice  and  manufacture  as  they  affect 
rail  quality  and  rail  failures,  giving  special  attention  to  transverse  fissure  failures 
and  other  defects  in  the  head,  web  and  base,  collaborating  with  Rail  Manufacturers' 
Technical  Committee. 

Progress  report — presenting  Ninth  Progress  Report  of  the  Rails  Investigation 
page  611 

(b)  Specifications  for  thermal  treatment  of  rail,  such  as  control  cooled,  Brunorized, 

etc. 

Progress  report — included  in  above  Ninth  Progress  Report  of  the  Rails  Investigation 

page  620 

3.  Compilation  of  statistics. 

(a)  All  rail  failures,  making  special  study  of  transverse  fissure  failures. 

Progress  report — presented  as  information   page  554 

(b)  Compilation  of  statistics  for  determining  the  performance  of  control  cooled  and 
Brunorized  rail  in  service  with  respect  to  rail  failures,  with  the  view  toward  evalu- 
ating the  higher  price  paid  for  treated  than  for  untreated  rails. 

Progress  report — presented  as  information   page  566 

AREA  Bulletin  437,  February,  1943. 
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4.  Cause  and  prevention  of  rail  battering  and  methods  of  reconditioning  rail  ends. 
Progress  report — presented  as  information   page  569 

5.  Economic  value  of  different  sizes  of  rail. 
No  report. 

6.  Continuous  welding  of  rail,  collaborating  with  Committee  5 — Track. 

Progress  report — presented  as  information   page  569 

7.  Service  tests  of  various  types  of  joint  bars. 

Progress  report — presented  as  information   page  570 

8.  Investigate  joint  bar  failures  and  give  consideration  to  the  revision  of  design  and 
specifications. 

Progress  report — presented  as  information   page  583 

9.  Corrugated  rail — causes  and  remedy.  Effect  upon  riding  qualities  of  tracks  and  upon 
the  costs  of  track  and  equipment  maintenance. 

No  report. 

10.  Development  and  characteristics  of  fractures  under  engine  burns  in  rail,  together 
with  investigation  as  to  the  effectiveness  of  welding  up  engine  burns  by  oxy-acetylene 
or  electric  methods. 

Progress  report — presented  as  information   page  596 

11.  Investigate  causes  of  shelly  spots  and  head  checks  in  rail  surfaces  for  the  purpose  of 
developing  measures  for  their  prevention. 

Progress  report — presented  as  information   page  597 

The  Committee  on  Rail, 
W.  H.  Penfield,  Chairman. 

grtfjur  JfretoeU  Talbot 

The  death  of  Arthur  Newell  Talbot  on  April  2,  1942  came  as  a  distinct  personal 
loss  to  the  members  of  the  Committee  on  Rail,  who  take  this  occasion  to  endorse  the 
sentiments  expressed  in  the  memoir  published  on  page  137  of  Bulletin  433. 

While  Dr.  Talbot  was  enrolled  as  a  member  of  the  committee  only  from  March  1939 
until  the  time  of  his  death,  his  influence  on  the  committee's  work  was  by  no  means 
limited  to  that  brief  period.  His  epoch-making  studies  as  chairman  of  the  Committee  on 
Stresses  in  Railroad  Track  were  of  untold  value  in  efforts  to  attain  a  thoroughly  scien- 
tific approach  to  the  many  problems  presented  by  the  steel  rail.  His  presence  at  com- 
mittee meetings  was  ever  a  source  of  inspiration. 

UtlUam  fames  $acUea 

The  Committee  on  Rail  unanimously  records  the  feeling  of  irreparable  loss  occasioned 
by  the  death  on  January  20,  1942  of  a  fellow  member,  William  James  Backes,  consulting 
engineer,  Boston  &  Maine  Railroad. 

Mr.  Backes  was  born  on  April  29,  1879,  and  was  graduated  from  Sheffield  Scientific 
School,  Yale  College,  in  1899.  Following  a  varied  railway  experience  as  a  young  engineer 
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on  the  Mexican  International,  the  Pennsylvania  and  the  New  York,  New  Haven  & 
Hartford,  he  was  appointed  chief  engineer  of  the  Central  New  England  (now  a  part  of 
the  New  Haven)  in  1906,  eventually  becoming  assistant  general  manager  of  the  New 
Haven  in  1923.  In  1926  he  became  engineer  maintenance  of  way  of  the  Boston  &  Maine, 
subsequently  becoming  chief  engineer  and  consulting  engineer  in  turn. 

While  Mr.  Backes  became  a  member  of  the  AREA  in  1908  he  was  identified  with 
the  Committee  on  Rail  only  from  March  1939,  but  his  seasoned  experience  as  a  railway 
officer,  his  intense  interest  and  his  forceful  character  won  him  the  admiration  and  respect 
of  his  associates  on  the  committee. 


Hetote  1$.  fflorib 

The  Committee  on  Rail  records  with  sorrow  the  death  of  one  of  its  members, 
Lewis  H.  Bond,  on  February  2,  1942. 

Mr.  Bond  was  appointed  a  member  of  the  committee  in  1939,  after  valuable  service 
on  other  committees  of  the  Association  with  which  he  became  identified  in  1921.  How- 
ever, because  of  failing  health  for  a  protracted  period  prior  to  his  death,  your  committee 
was  able  to  realize  only  in  part  the  benefits  of  his  sound  judgment  and  long  practical 
experience. 

He  was  born  on  November  14,  1879,  and  following  the  completion  of  his  formal 
education  he  entered  the  service  of  the  Illinois  Central  as  a  chainman  in  1899,  from  which 
time  until  his  death  he  was  in  the  continuous  employ  of  that  property,  advancing  pro- 
gressively through  the  positions  of  supervisor,  assistant  engineer,  roadmaster  and  district 
engineer.  In  1925  he  was  promoted  to  assistant  engineer  maintenance  of  way  and  in 
1938  he  became  chief  engineer  maintenance  of  way,  the  position  he  held  at  the  time  of 
his  death. 


Report  on  Assignment  1 
Revision  of  Manual 

C.  B.  Bronson  (chairman,  subcommittee),  J.  E.  Armstrong,  W.  C.  Barnes,  C.  H.  Black- 
man,  N.  J.  Boughton,  W.  J.  Burton,  J.  L.  Gressitt,  G.  W.  Harris,  E.  M.  Hastings, 
B.  Herman,  F.  S.  Hewes,  Maro  Johnson,  B.  R.  Kulp,  F.  R.  Layng,  G.  M.  Magee, 
W.  H.  Penfield,  E.  E.  Oviatt,  A.  N.  Reece,  L.  H.  Scheifele,  Barton  Wheelwright, 
Louis  Yager. 

Emergency  Provisions  were  recommended  by  the  committee  and  adopted  by  the 
Emergency  Committee  representing  the  Board  of  Direction  covering  the  Specifications 
for  Heat-Treated  Carbon-Steel  and  Alloy-Steel  Track  Bolts,  Open-Hearth  Steel  Rails, 
and  Spring  Washers,  as  listed  in  the  following  paragraphs.  The  principal  purpose  of 
these  changes  and  additions  was  to  arrive  at  a  single  standard  specification  for  the  use 
of  all  railroads,  particularly  where  some  of  the  roads  had  their  own  specifications  or 
had  certain  special  conditions  to  meet. 

A  study  was  also  made  in  the  interest  of  standardization  of  joint  bar  design,  and 
is  shown  under  the  heading  Recommended  Simplification  and  Standardization  in  Design 
of  Joint  Bars  to  be  Used  with  New  Rail  for  the  Duration  of  the  War. 
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COMMITTEE  4 
RAIL 


SPECIFICATIONS  FOR  HEAT-TREATED  CARBON-STEEL  AND 
ALLOY-STEEL  TRACK  BOLTS 

1939 

The  requirements  of  this  emergency  specification  are  covered  by  the  specifications 
shown  on  AREA  Manual  pages  4-29  to  4-32  inclusive,  with  the  following  changes: 
Alloy-steel  track  bolts  shall  not  be  supplied  during  the  emergency. 

Section  13.  Threads  and  Thread  Fit 

Before  the  concluding  sentence  beginning  "Before  packing  .  .  ."  introduce  a  new 
sentence  reading:  "Other  wrench-tight  fits  with  a  SO-pound  range  in  wrench  tightness 
(with  a  24-inch  wrench),  or  hand-free  fit  may  be  specified  by  the  purchaser." 

SPECIFICATIONS  FOR  OPEN-HEARTH  STEEL  RAILS 

1942 

The  requirements  of  this  emergency  specification  are  covered  by  the  specifications 
shown  on  AREA  Manual  pages  4-1  to  4-5  inclusive,  with  the  following  changes: 

Section  201.  Chemical  Composition 

Change  heading  of  last  column  in  table  to  read  "121-152". 

Insert  sentence  under  table  to  read:  "When  specified  by  the  purchaser,  heavier 
weights  of  rail  shall  be  made  to  chemical  composition  specified  for  lighter  weights  of 
rail." 

Section  301.  Ductility  and  Resistance  to  Impact 

Change  last  sentence  of  first  paragraph  to  read:  "For  sections  106  pounds  to  140 
pounds  it  shall  be  4  feet."  Add  new  sentence  to  read:  "For  sections  over  140  and  up  to 
152  pounds  it  shall  be  4  feet  8  inches." 

In  first  line  of  second  paragraph  delete  "preferably  base"  and  insert  "head". 

Change  last  line  of  table  to  read: 

"For    121-152-pound   rail,   inclusive    22  feet" 

Section  303.  Interior  Condition 

Paragraph  of  this  section  to  be  designated  as  (a).  At  end  of  first  sentence  add. 
"unless  waived  by  purchaser." 

Add  new  paragraph  reading: 

"(b)  When  specified  progressive  all-ingot  nick-and-break  testing  with  elimination 
of  X-Rayls  shall  be  performed  as  follows: 
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"A  test  piece  representing  the  top  end  of  the  top  rail  from  each  ingot  of  each  heat 
rolled,  which  has  passed  the  requirements  of  Section  301,  shall  be  nicked  and  broken 
to  determine  whether  the  interior  metal  is  sound.  If  an  interior  defect  shows  on  the 
fracture,  the  top  end  of  the  top  rail  shall  be  nicked  and  broken  back.  If  a  fracture  free 
from  interior  defect  is  reached  at  a  point  permitting  the  rail  to  be  finished  to  an  accept- 
able length,  the  rail  and  the  following  rails  of  the  ingot  shall  be  accepted.  If  not,  the 
rail  shall  be  rejected  and  a  test  piece  cut  from  its  bottom  end  to  represent  the  second 
rail  of  the  ingot.  The  second  and  third  rails  shall  be  tested  in  the  same  manner  as  the 
first  rail.  If  the  third  rail  is  rejected,  all  the  remaining  rails  of  the  ingot  shall  be  rejected 
without  further  testing. 

"The  nick-and-break  tests  on  the  top  end  of  the  rails  shall  be  made  at  increments 
optional  with  the  manufacturer  and  if  necessary,  in  order  to  obtain  a  fracture  free  from 
interior  defects,  the  tests  shall  be  carried  to  the  point  where  the  finished  rail  will  be  of 
minimum  acceptable  length. 

"An  interior  defect  is  interpreted  to  mean  seams,  laminations,  cavities,  interposed 
foreign  matter,  or  a  distinctly  bright  or  fine-grained  structure  made  visible  by  the 
destruction  tests. 

"Short  rails  produced  under  this  procedure  shall  be  excluded  from  consideration  in 
the  11  percent  limitation  of  Section  402." 

Section  406.  Finishing 

In  next  to  last  line  of  paragraph  (a),  add  the  following  in  parentheses  after  "1/32 
inch":    "(3/64  inch  for   152-pound  rail)" 

Section  412.  Control  Cooling 

Add  new  section  reading  as  follows: 

"When  control  cooling  is  specified,  it  must  be  in  accordance  with  either  of  the  proc- 
esses recommended  by  the  AREA  Committee  on  Rail  (See  Proceedings,  Vol.  38,  page  644; 
and  AREA  Bulletin  430,  February  1942,  page  617)." 

Emergency  Provisions  Adopted  September  15,  1942 

SPECIFICATIONS  FOR  SPRING  WASHERS1 
1936 
302.  Mechanical  Strength  and  Ductility 

Add  a  new  sentence  under  the  table  of  reactive  spring  pressures  as  follows: 

Washers  having  lower  reactive  spring  pressures  may  be  furnished  if  specified 
by  the  purchaser. 

Recommended  Simplification  and  Standardization  in  Design  of  Joint 
Bars  to  be  Used  with  New  Rail  for  the  Duration  of  the  War 

Approved  August  26,  1942. 

A  canvass  of  the  practice  of  the  railroads  with  regard  to  joint  bars  shows  that  a 
variety  of  designs  is  being  used,  without  any  preference  for  any  one  type.  A  tabulation 
of  reports  recently  received  from  61  railroads  in  the  United  States  covering  the  various 
types  of  joint  bars  purchased  for  use  with  a  total  of  6,250  track  miles  of  new  rail, 
indicates  the  following: 


1  This  specification  appears  on  page  4—37,  Manual  of  the  American  Railway  Engineering  Association. 
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Short  toe  bars  4,902  track  miles 

Long  toe  bars   1,348 


6,250 


Head  free  bars  3,199 

Head  contact  bars   3,051 


6,250 


Rail  Joint  Co.  bars   4,689 

Other    1,561 


78% 
22% 


51% 
49% 


75% 
25% 


6,250 


Manufacturers  now  have  rolls  for  all  designs  of  joint  bars  in  general  use  with  new 
rail.  It  would  be  wasteful  not  to  use  this  existing  equipment  during  the  present  emer- 
gency. Ordinarily,  rail  joints  are  ordered  from  the  steel  mills  rolling  the  rail,  and  rail 
is  ordered  from  the  mills  best  located  to  serve  the  road  ordering.  If  manufacturers  were 
confined  to  a  single  rail  joint  design  for  each  weight  of  rail,  some  mills  would  have  to 
provide  additional  rolls  to  produce  the  designs  specified. 

Recommendations 

(1)  No  joint  bars  of  new  design  shall  be  manufactured  during  the  war. 

(2)  Existing  rolls  shall  be  utilized  as  long  as  practicable. 

(3)  If  any  mill  cannot  roll  the  type  of  bar  ordered,  the  purchaser  may  obtain  the 
bars  from  other  mills  having  suitable  rolls. 

(4)  When  existing  rolls  for  the  manufacture  of  a  given  type  of  joint  bar  are  no 
longer  usable,  and  the  quantity  of  bars  of  the  type  used  does  not  warrant  the  produc- 
tion of  new  rolls,  the  purchaser  shall  select  a  type  of  joint  bar  for  which  rolls  are  avail- 
able, and  which  will  meet  his  requirements  with  respect  to  the  following  provisions: 

1.  Short-toe  or  long-toe  type. 

2.  Head-contact  or  head-free  type. 

3.  Out-to-out  distance  or  bolt  length. 


Report  on  Assignment  3  (a) 

Rail  Failure  Statistics 

Part  1 — General  Rail  Failures 

By  W.  C.  Barnes 
Engineer  of  Tests,  Rail  Committee 

The  rail  failure  statistics  for  the  year  ending  December  31,  1941,  appearing  in  this 
report,  have  been  compiled  in  accordance  with  the  standard  method  of  basing  the  failure 
rates  on  mile-years  of  service  in  track. 

The  reported  tonnages  and  track-miles  of  rollings  for  1936  and  succeeding  years, 
included  in  these  statistics,  are  as  follows: 
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Year  Rolled  Tons 

1936    743,085 

1937    851,103 

1938    383,112 

1939    715,024 

1940    653,174 

Total    3,345,498 


Track-Miles 

4,041 
4,642 
2,133 
3,830 
3,587 


18,233 


These  figures  compare  with  totals  of  3,044,524  tons  or  16,549  track-miles  of  rail  reported 
last  year  for  1935  to  1939  rollings. 

Table  1  shows  the  average  number  of  failures  per  100  track-miles  of  rail  in  service 
which  accumulated  during  the  one  to  five  years'  service  in  the  rail  reported  from  rollings 
of   1936  to   1940,  inclusive,  from  all  mills,  together  with  similar  rates  of  older  rollings 


TABLE  I  -  AVERAGE  FAILURES  FOR  100  TRACK  MILES  -  ALL  MILLS 
(Both  sorvioo  and  deteoted  failures  are  lnoludod) 


Yoar 
Rolled 

YEARS 

SERVICE 

1 

2 

3 

4 

5 

1908 

398.1 

1909 

224.1 

277.8 

1910 

124.0 

152.7 

198.5 

1911 

77.0 

104  .4 

133.3 

176.3 

1912 

28.9 

32.1 

49.3 

78.9 

107.1 

1913 

12.5 

25.8 

44.8 

69.5 

91.9 

1914 

8.2 

19.8 

SJ.9 

50.9 

74.6 

1915  _ 

8.9 

19.0 

34.2 

53.0 

82  J* 

1916 

11.8 

29.2 

47.7 

70.6 

105.4 

1917 

21.6 

38.9 

66.0 

Ho.5 

137.0 

1916 

8.9 

27.6 

54.0 

92.8 

125.4 

1919 

lU.8 

39.4 

73.7 

104.8 

115.7 

1920 

l4.2 

32  .U 

63.1 

84.5 

119.6 

1921 

10.9 

34.9 

56.9 

70.9 

98.9 

19S2 

15.9 

3J1.8 

55.2 

80  .4 

110.0 

1925 

1U.3 

33.2 

57.6 

86.0 

114.1 

1924 

14.0 

33.4 

58.3 

82.0 

110.7 

1925 

15.5 

36.6 

58.3 

76.6 

110,7 

1926 

17.1 

41.2 

64.6 

102.6 

131.3       ' 

1927 

18.4 

57.7 

69.5 

94.6 

112.4 

1928 

11.0 

28.0 

45.8  ' 

57.4 

76.4 

1929 

14.1 

36.8 

55.9 

82.7 

121.2 

1930 

7.8 

12.3 

22.4 

37.6 

60.0 

1931 

P'1 

19.7 

32.3 

46.8 

67.4 

1932 

4.5 

11.8 

21.2 

39.6 

64.1 

1933 

6.2 

11.7 

25.6 

52  J* 

73.5 

1934 

4.6 

13.6 

19.5 

25.9 

35.8 

1935 

4.2 

9.6 

16.3 

32.3 

51.o 

1936 

4.2 

7.3 

18.1 

30.6 

50.7 

1937 

3.3 

5.8 

11.3 

15.9 

1938 

2.2 

S.2 

10.1s 

1939 

2.6 

5.0 

1940 

1.3 

reproduced  from  previous  reports.  Both  service  and  detected  failures  in  all  kinds  of 
steel  are  included  in  this  table. 

The  1936  rollings  whose  period  of  observation  is  now  concluded,  show  an  average 
of  50.7  failures  per  100  track-miles  for  the  5-year  period.  This  is  the  lowest  rate  so  far 
recorded  with  the  exception  of  that  for  1934  rollings. 

Fig.  1  shows  diagrammatically  the  five-year  averages  from  Table  1.  To  the  casual 
reader,  these  statistics  which  show,  as  in  Table  1  or  Fig.  1,  a  lowering  of  failure  rates  in 
the  rollings  of  recent  years,  might  appear  to  conflict  with  the  transverse  fissure  statistics 
which  show  a  rapidly  increasing  number  of  such  failures  reported  each  year.  This  appar- 
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Fig.  1. — Service  and  Detected  Rail  Failures  in  the  United  States  and 
Canada  (5  Years'  Service). 

ent  conflict  is  due  to  the  fact  that  the  annual  fissure  failures  are  those  which  occurred 
in  rails  of  all  rollings  and  thus  include  failures  in  rails  which  have  been  in  service  very 
much  longer  than  the  five-year  period  covered  in  these  general  rail  failure  statistics. 

Table  2  presents  the  accumulated  failures  and  failure  rates  of  rail  from  each  of  the 
mills,  for  each  of  the  rollings  of  1936  to  1940,  inclusive.  Service  and  service-plus-detected 
failures  and  rates  are  shown  separately. 


TABLE  2 

-  ACCUMULATED  FAILURES   AND  FAILURE 

RATES   FROM  DATE  ROLLED 

TO  DEC. 

31,    191*1.   BY  MILLS, 

COMPUTED  BY 

MILE 

YEARS    OF  RAIL  I'!  SERVICE.    ORIGINAL  TRACK  MILES   ARE 

INCLUDED  FOR   INFORMATION  ONLY. 

SERVICE                       SERVICE  i  DETECTED 

SERVICE                       SEAVlcE  i  DETECTED 

Year 

Orlg'l 

'r.100                           Pr.100 

'     Pr.100 

0rlg"l 

"Pr.100 

Pr.100 

"Pr.100 

Rolled 

Trk.Hle. 

Total 

Trk.Mls.Yre.   Total  Trk.Mls.Yr 

s.        Trk.Mla. 

Trk.Mls. 

Total 

Trk.Mls.Yra.  Total 

Trk.Mle.Yr«. 

Trk.Uls. 

■'.'■'• 

DOMINION 

1936 

120.0 

ll* 

2.36                 15          2.53 

12.65 

1*0.5 

0 

0                     0 

0 

0 

1937 

127.1 

H* 

2.96                  15          3.17 

1*1.9 

0 

0                     0 

0 

1938 

105.7 

9 

2.87                    9          2.87 

1*6.0 

0 

0                       0 

0 

1939 

97.lt 

8 

1*.12                    8          1*.12 

26.1 

0 

0                       0 

0 

19W 

152.U 

1* 

2.61                    1*          2.61 

0 

0 

0                       0 

0 

CARNEGIE 

ENSLEY 

1936 

1*82.2 

130 

5.19                162          6.1*7 

32«"35 

600.0 

99 

3.38            191 

6.53 

32.65 

1937 

621.3 

127 

5.29               138         5.75 

687.1* 

80 

2.9i*               95 

3.50 

1938 

189.5 

21 

3.30                  22          3.1*5 

1*92.8 

1*7. 

3.21               55 

3.75 

1939 
l<£o 

365.1 

15 

2.17                  15          2.17 

55l*.9 

1*1 

3.80              &2 

3.89 

3IJ1.8 

0 

0                      0.0 

605.3 

16 

2.98               19 

3.H* 

GARY 

awn 

1936 

1213.0 

378 

6.5l*             1361        23. 5l* 

117.70 

1*17.3 

51 

2.59               79 

1*.01 

20.05 

1937 

1180.1* 

231* 

5.11              291         6.36 

393.6 

Us 

2.91*               52 

3.1*0 

1938 

1*91.2 

1*8 

3.31                56         3.86 

150.1* 

u 

.93                 6 

1.65 

1939 

1118.2 

12 

.56                13           .60 

3a*.  1 

8 

1.17               10 

1.1*6 

1*0 

938.9 

6 

.a*            6        ,a, 

318.5 

1 

.31                1 

.31 

LACKAWANNA 

MARYLAND 

1936         191.0 

29 

3.06                1*3         1*.51* 
1.70                  21*          1.A 

22.70 

1*1.3 

5 

2.1*6               5 

2.1*8 

12.1*0 

1937 

3l*9.1 

21 

103.5 

9 

2.1*U               9 

2.1*1* 

1938 

H*7  ,U 

1 

.25                       1              .25 

88.0 

67 

25.28              67 

25.28 

1939 

213.7 

1 

.21*                     1            ..21* 

35.1. 

0 

0                  0 

0 

19v> 

285.1 

7 

2.55                    7          2.55 

0 

0 

0                  0 

0 

MINNEQUA 

STEEI.TON 

1936 

616.3 

92 

3.25             101        3.57 

17.85 

318.9 

12 

.71*                  27 

1.67 

8.35 

1937 

738.8 

1*6 

I.63                   J;&           1.70 

398.6 

31* 

2.11                   38 

2.35 

1938 

60.0 

2 

1.12                     2           1.12 

362.1* 

1 

.09                  1 

.09 

1939 

1&0 

761.5 

5l*9.U 

90 

6.70                  93          6.92 

293.5 

0 

0                       0 

0 

6 

ALL 

1.09                   6          I.09 

392.5 

3 

.68                  3 

.68 

KILLS    (Excl.   AlE.i  Dom. ) 

ALL  MILLS    (Incl.   Ale.    4  Dom.l 

1936 

3880.8 
£1*72.7 

796 

It. 21*                1969          10.1*3 

52.1*0 

l*oiU.  3 

810 

I4.H*            1981* 

10.13 

50.65 

1937 

596 

3.1*5               695         1*.03 

1*61*1.7 

610 

3.1*1              710 

3.97 

I938 

1961.7 

191 
167 

3.21*                212          3.59 
2.39                171*          2.1*9 

2133.1* 
3829.6 

200 

3.15             221 

3.L8 

1939 

3706.1 
3Wl*.5 
171*75.8 

175 

2.t2                162 

2.51 

'i960 

1.1 

1.16                  1*2           1.19 

3586.9 

tfi 

1.22                  1.6 

1.25 

TOTALS 

1791 

3092 

18232.9 

181*0 

311*3 

Fig.  2  shows  diagrammatically  the  failure  rates  per  100  average  track-miles  of  the 
1936  and  earlier  rollings  for  five  years'  service,  from  Table  2,  for  combined  service  and 
detected  failures. 

Fig.  3  shows  diagrammatically  the  Table  2  failure  rates  per  100  track-mile  years, 
separately  for  service  and  service-plus-detected  failures,  for  each  of  the  1936  and  sub- 
sequent rollings,  by  mills,  unweighted  for  traffic. 
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-Record  of  Failures  Per  100  Track  Miles  for  Five  Years'  Service  for  Rollings 
from  1908  to  1937  (Service  and  Detected  Failures  Included). 
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"AILL/RE5  /ALL  TYPES   PER  100    TRACK  MILE"- YEARS 

MILL 

YEAR 

ROLLED 

srRwict 

snvicc 

ANO 

ONLY 

BfTfCTfO 

10                    20                   30                   *0                   SO 

193* 

5.2 

6.5 

^H-, 

1937 

S.J 

J. 8 

^■^■M) 

CARNE6IE 

1938 

11 

>a 

jCAMNtbil  ILLINOIS) 

1939 
19*0 

2.2 
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Fig.  3. — Failure  Rates  from  Date  Rolled  to  December  31,  1941,  by  Mills  (Service 
and  Detected  Failure  Rates  Shown  Separately). 
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Fig.  4. — Failure  Rates  from  Year  Rolled  to  December  31,  1941,  by  Mills,  Altered  by 
Traffic  Density  Factors  (Service  and  Detected  Failure  Rates  Shown  Separately). 
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Table  3. — Average  Weights  of  Rail  Compiled  from  Tonnages  Used  in  This  Report 

Mill  1936  1937  1938  1939  1940 

Algoma _ 106.3  107.2  101.3  106.1  103.5 

Dominion 101.3  101.4  99.5  99.5                    0 

Edgar  Thomson  (Cam.) 126.5  127.5  125.4  126.3  121.2 

Ensley  (Tenn.) 108.0  108.2  107.2  109.9  110.5 

Gary  (111.) 116.4  116.6  117.5  119.5  116.7 

Inland 118.2  116.5  114.9  120.1  116.1 

Lackawanna  (Beth.) 119.3  111.7  116.1  117.8  116.8 

Maryland  (Beth.) 127.1  130.4  107.5  130.9                   0 

Minnequa  (Colo.) 115.6  112.8  120.9  120.3  115.1 

Steelton  (Beth.) 125.5  127.0  118.5  122.6  121.9 


ALL  MILLS 116.9  116.6  114.2  118.7  115.8 

Fig.  4  shows  diagrammatically  the  comparative  performance  of  the  various  mills 
from  data  underlying  Fig.  3,  except  that  traffic  density  factors  have  been  introduced  in 
the  final  computations,  using  the  method  described  on  pages  369-370  of  Vol.  32,  Pro- 
ceedings. This  method  is  an  approximation  only. 

Table  3  shows  the  average  weights  of  rail  from  the  various  mills  and  from  all  mills 
which  are  included  in  these  statistics. 


Report  on  Assignment  3  (a) 

Rail  Failure  Statistics 

Part  2 — Transverse  Fissure  Failures 

By  W.  C.  Barnes 
Engineer  of  Tests,  Rail  Committee 

These  statistics  constitute  a  cumulative  record  of  transverse  fissure  failures  that 
have  been  reported  up  to  and  including  December  31,  1941.  They  include  all  transverse 
fissured  rails  reported,  whether  located  by  actual  breakage  in  service  or  detected  before 
actual  breakage  by  inspection  or  test.  The  totals  shown,  however,  do  not  represent  all 
such  failures  that  have  occurred  for  the  reason  that  a  few  roads  do  not  report  their 
failures  to  the  Association. 

Every  endeavor  is  being  made,  by  instructions  issued  to  the  roads,  to  restrict  the 
reporting  of  failures  to  those  caused  by  transverse  fissures.  However,  owing  to  the  very 
close  resemblance  that  exists  between  some  transverse  fissures  and  certain  other  types  of 
progressive  fractures  which  originate  at  the  surface  of  the  rail  instead  of  in  the  interior, 
the  roads'  reports,  and  hence  these  statistics,  no  doubt  include  some  progressive  fracture 
failures  which  are  not  transverse  fissure  failures. 

Table  1  corresponds  with  Table  1  of  the  report  of  last  year,  and  shows  separately 
the  number  of  service  and  detected  transverse  fissure  rail  failures  which  have  been 
reported  in  all  rollings,  no  matter  how  old,  classified  by  roads  and  by  years  in  which 
the  failures  occurred.  It  includes  data  from  roads  which  are  consistently  reporting  sepa- 
rately the  service  and  detected  failures.  The  total  transverse  fissure  failures  which 
occurred  on  any  one  road  or  on  all  roads  during  any  given  year  can  be  obtained  by 
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Fig.  1.— Total  Fissure  Failures  Reported  Each  Year  (1930  Includes  11  Months  Only). 


adding  the  corresponding  figures  for  service  failures  and  for  detected  failures  appearing 
in  this  table. 

The  total  fissure  rail  failures  reported  in  1941  compared  with  those  in  1940  are: 

Service        Detected  Total 

1941    5,772  20,408  26,180 

1940   4,721  15,064  19,785 


Increase  in  1941  1,051 


5,344 


6,395 


Fig.  1  presents  graphically  the  fissure  failures  by  year  failed  from  Table  1.  The 
solid  curve  shows  the  service  failures;  the  broken  line  shows  the  detected  failures  and 
the  dotted  line  shows  the  service-plus-detected  failures. 
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Table  2  shows  all  transverse  fissure  rail  failures,  including  both  service  and  de- 
tected failures,  reported  by  all  roads  furnishing  data,  for  the  rollings  of  each  year  from 
1932  to  1941  inclusive,  from  each  mill  reported,  accumulated  from  the  year  rolled  to 
December  31,  1941.  These  data  are  unweighted  for  tonnage  output  of  mills,  density  of 
traffic  or  for  years  in  service.  This  table  is  most  useful  in  comparing  the  failures  which 
were  reported  in  rollings  of  various  years  from  any  one  mill. 


Table  2. — Accumulated  Transverse  Fissure  Failures  Reported  from  Year  Rolled  to 

December  31,  1941  by  Year  Rolled  and  by  Mill,  Not  Equated  for  Tonnage 

Output  of  Mills   (Includes  Service  and  Detected  Failures) 

Algoma                  Carnegie                 Colorado                     Gary  Inland 

Year  Rolled         Prior  1941    Total  Prior  1941    Total  Prior  1941    Total  Prior  1941  Total  Prior  1941    Total 

1932 114        54      168      122        39      161        29        19        48      110        45  155        23          4        27 

33-  .              0          0          0        60        17        77          2          5          7      271        89  360        12          7        19 

34        103       100      203        36        10        46          6        17        23      157      133  290        13          2        15 

35  0  0  0        15  2        17        16        60        76      458      421      879        12  5        17 

36  ..022  74        11  71  8      537      499    1036  5  5        10 

37  0  00  3  1  4  1  0  150        3181  2  1  3 

38 0  0030312338        11  000 

39 000000000000000 

40     000000000000000 

41 000000000000000 

Totals 217      156      373      246        73      319        62      104      166    1586    1226    2812        67        24        91 

Lackawanna  Maryland  Steellon  Tennessee  All  Mills 

Year  Rolled  Prior  1941    Total  Prior  1941    Total  Prior  1941    Total  Prior  1941    Total  Prior  1941    Tola 

1932.                     ..  24        19        43      169        47      216        22          3        25      603      191      794     1216      421     1637 

33.              ...  4       -  1          5        42        17        59          1          3          4      377      144      521      769      283     1052 

34 17          3        20        27        45        72          6          0          6        95      105      200      460      415      875 

35 18        15        33          1          2          3          2          1          3        73        31      104      595      537    1132 

36 . 6          7        13          8          7        15          5          0          5        29        18        47      604      543     1147 

37 0          1          1          1          1          2          2          1          3          1          2          3        60        38        98 

38. 00001110160. 6       14       11       29 

30 000000000011011 

40 000000000000000 

41 000000000000000 

Totals 69        46      115      248      120      368        39  8        47     1184      492     1676    3718    2249    5967 


It  will  be  noted  from  Table  2  that  no  service  nor  detected  transverse  fissure  failures 
have  been  reported  as  having  occurred  to  December  1941  in  rail  from  all  mills  which 
was  rolled  subsequent  to  1938  (with  the  exception  of  one  detected  failure  in  1939  rail) 
and  no  failures  from  certain  mills  for  longer  periods.  From  Table  1,  however,  it  is  evi- 
dent that  the  transverse  fissure  failures  in  rail  of  all  rollings  in  reported  track  are  rap- 
idly increasing  each  year.  This  apparent  contradiction  merely  means  that  the  predomi- 
nant mass  of  failures  occurred  in  rail  rolled  prior  to  1932,  since,  of  the  158,023  total 
service  and  detected  transverse  fissure  failures  accumulated  from  1932  to  1941,  inclusive, 
from  all  rollings  from  all  mills  (see  Table  1)  only  5,967  (see  Table  2)  or  3.8  percent 
occurred  in  rail  rolled  from  1932-1941,  inclusive. 

Statistics  reported  in  previous  years  prior  to  the  use  of  control  cooled  or  Brunorized 
rail  also  show  that  an  inconsequential  number  of  failures  occurred  during  the  first  four 
years  of  service.  It  is  therefore  still  too  soon  for  the  use  of  control  cooled  and  Brunorized 
rail  to  show  any  appreciable  restraining  influence  on  the  yearly  increase  in  fissure  failures 
in  track  of  all  rollings  which  still  predominate  in  the  rail  rolled  before  the  introduction 
of  the  new  process  rails. 

Since  fissure  failures  increase  with  the  accumulated  tonnage  over  the  rails  and  with 
the  speed  at  which  that  tonnage  moves,  an  increase  in  such  failures  can  be  expected  to 
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3 
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0.9 
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INLAND 
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0.9 
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O.O 
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1932 
1933 
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I9  40 
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0.0 
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0  0 
0.0 
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1933 

3.9 
0.6 

46.4 
2.5 

MARYLAND 

19  34 
1935 
193* 

2.3 

0 .0 

0.1 

4.6 

1  .0 

1 

1 

(BCTHLCMErl) 

1937 
1938 
19  79 
1940 

03 
0.0 
00 

00 

0.3 
O.O 
O.O 

O.O 

1 

1! 

1932 

OS 

1.9 

■ 1 

1933 

0.4 

0.7 

D 

! 

MINNEQUA 

1934 
I93S 
19  36 

o.s 
0.7 
0.3 

1.2 
4.6 
0.4 

ED 

1 

(CtioAnoo) 

1937 
19  38 

0.0 

1 .1 

O.0 
1.7 

ji 

1  939 

0.0 

0.0 

1  940 

0.0 

0.0 

1932 
19  33 

\.1 

0.0 

6.8 
0.7 
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1934 

0    2. 

0.2 

1 

5TEELT0N 

1335 
1936 

0.7 
o.z 

0.6 

D 

D 

(BeTHLEHen) 

1937 
I93« 
19  39 
I940 

0. 1 

OA 
O.O 

O  .0 

0.2 

O.I 
O.O 
00 

1 

19  32 

3.7 

13.6 

19  33 
1934 

2-9 
0.8 

13.8 
2-7 

ALL  MILLS 

I93S 
1954 

1.8 
0.7 

6.2 
3.4 

1 

Lcceuro 

iMl  SERVICE  FAILURES 

■ 

1937 

0.2 

O.S 

D 

CD  DETECTED  rAILURES 

1938 

0.1 

0.3 

) 

. 

1939 

O.O 

O.O 

194.0 

O.O 

O.O 
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Fig.  2. 


-Fissure  Failure  Rates  from  Date  Rolled  to  December  31,  1941,  by  Mills 
(Service  and  Detected  Failures  Shown  Separately). 
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FISSURE   FAILURES  PER   100  TRACK  MIIE-TEARS    PER  UNIT  OF  TRAFFIC  DeNSITV. 

MILL 

ROLLED 

tCRYlCC 

ttRtficr 

ONLY 

JETfCTIO 

S                       l>                     »5                     20                     23 

I4J* 

0.8 

i.a 

1933 

0.3 

0.8 

n 

1934 

O.I 

0.2 

CARNEGIE 

(0IKHt6tt- Illinois) 

1933 
I93< 
1937 
1938 
1939 
l9-*« 

O.O 
O.O 
O.O 
O.O 
O.O 
O.O 

0.2 
O.l 
0.0 
O.O 
O.O 
O.O 

1972 

1933 
19  74 

S.  2 
8.4 
0.9 

20.9 

*2. J 
•4.0 

I9JS 

1.4 

3.3 

ZUSLLY 

1936 

0.7 

1.3 

□ 

(TfNNCSXCC) 

1937 
1958 
1939 
1940 

0.0 

O.O 
O.O 
00 

O.O 
0.0 
O.O 
O.O 

193* 
1933 

1.9 
O.S 

.4.1 
3.0 

■ 

GARY 

(cABHcwC'iiHHOir) 

1934 
1935 
193* 
1937 

O.S 
1  .7 
0.9 
O.? 

l.fa 

10.3 
4.6 
0.9 

■ZD 

1 

■ 

□ 

1938 

O.l 

©.? 

1 

1939 

O.O 

O.O 

194-0 

O.O 

O.O 

193* 

0.3 

\.S 

rzzi 

1933 

O  .  1 

0.5 

3 

1934 

O.O 

0.  I 

I93J 

O.O 

0.2 

INLAND 

193* 
1937 
1938 
1939 
I940 

O.O 
O.O 
O,  O 
O.O 
O.O 

O.l 
0.0 

0.0 
0.0 
0.0 

1932 

0.6 

2.  1 

1933 

0.  1 

0.3 

1 

1934 

0.3 

0.4 

D 

LACKAWANNA 

1933- 

1.2 

2. .3 

0.  6 

D 

(BITKLCUtm) 

1977 
193a 
1939 
I940 

O.O 
O.O 
O.O 

CO 

0,0 
O.  0 

O  .0 

0.0 

15.9 

Z3 

1933 

0.  1 

o.S 

D 

1934 

0.8 

2.9 

MARYLAND 

(BClULlUfn) 

I93J 
1936 
1937 
1938 
1939 
I94<3 

0.3 
O.O 
O.l 
O.O 
O.O 
O.O 

1    6 
0.4- 

o.( 

O.O 
O  .0 

O.O 

3 

1932 

0.4- 

1.6 

1=1 

1933 

O  .4- 

0. 1 

D 

MINNfQUA 

I9J4 
I93J 
1936 

0  .4- 
O  .£> 
0  .2 

1.0 
3.8 
0.3 

O 

1 

(C*LO»ADo) 

1937 
1938 
1939 
1940 

0.0 

l  .0 
O.O 

0 .  0 

0.0 
1  .r 
0.0 
0.0 

<zn 

I97£ 

O  .4- 

l  .8 

1 1 

1933 

O  .0 

0. 1 

1934 

0  .0 

0 . 1 

' 

O  ,  \ 

0.  1 

STEfLTON 

193* 

0  ,0 

0. 1 

1 

(bituichc  pi} 

1937 
1938 
1939 
I940 

0.0 
0  .0 
0.  p 
0.  0 

0.  1 
0.0 
0. 0 
<».  0 

1932 
1933 
1934 

1.6 
o.l 
0.3 

S.9 
3.5 
1  .0 

__ 

B ! 

□ 

I9J5- 

0.6 

■a.  rt 

■ 1 

LEGENO 

ALL  MILLS 

1936 

1937 
1938 
1939 
1940 

o.3 
0.  l 
0.0 

a.  0  ■ 
0 , 0 

1 .3 
0,2 
0 , 1 
0.0 
0.0 

l_J 

1 

M  JfRviCE  FAILURES 
□  OtTtCTtO  FAILORt* 

Fig.  3.— Fissure  Failure  Rates  from  Date  Rolled  to  December  31,  1941,  by  Mills,  Altered 
by  Traffic  Density  Factors  (Service  and  Detected  Failures  Shown  Separately) . 
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continue  during  this  period  of  exceptional  traffic,  but  these  failures,  for  the  most  part, 
will  occur  in  rails  that  have  been  subjected  to  about  ten  or  more  years  of  service. 

Fissure  failures  reported  since  1924  in  rails  from  all  mills,  as  occurring  in  the  first 
year  of  service,  are  as  follows: 

Year  Failures 

1925    29 

1926    SO 

1927    1 14 

1928    58 

1929    106 

1930    33 

1931    32 

1932  3 

1933  0 

1934 0 

1935  3 

1936  3 

1937  1 

1938  0 

1939  0 

1940  0 

1941  0 

Fig.  2  is  a  mill  rating  chart  which  shows  separately,  for  each  mill,  the  service  and 
detected  transverse  fissure  rail  failure  rates  per  100  track-mile  years,  from  the  date  of 
rolling  to  December  31,  1941,  unweighted  for  traffic,  for  each  of  the  rollings  of  1932  to 
1940,  inclusive. 

Fig.  3  shows  graphically  the  average  rates  of  failure,  by  mills,  from  Fig.  2,  modified 
by  the  application  of  average  traffic  density  factors,  the  derivation  of  which  is  explained 
in  the  Proceedings,  Vol.  32,  pages  369-370.  Owing  to  the  necessity  of  using  factors 
obtained  from  average  traffic  per  mile  of  road,  instead  of  actual  traffic  over  the  par- 
ticular rails  in  question,  this  chart  can  be  considered  only  as  an  approximation. 


Report  on  Assignment  3  (b) 

Control  Cooled  and  Brunorized  Rail 

Compilation    of    Statistics    for    Determining    the    Performance    of    Control 

Cooled  and  Brunorized  Rail  in  Service  with  Respect  to  Rail  Failures, 

with  the  View  Toward  Evaluating  the  Higher  Price  Paid 

for  Treated  Than  for  Untreated  Rails 

By  W.  C.  Barnes 
Engineer  of  Tests,  Rail  Committee 

Data  are  being  accumulated  to  assist  in  determining  the  performance  in  service  of 
control  cooled  and  Brunorized  rail  rolled  under  contract. 

Control  cooled  rail  was  first  rolled  under  contract  by  the  various  mills  as  follows: 
Dominion — January,  1931;  Algoma — December,  1933;  Steelton — March,  1935;  Inland — 
April,  ,1935;  Lackawanna — May,  1935;  Carnegie — October,  1935;  Colorado — January, 
1936;   Ensley— February,  1936;   Gary— April,  1936. 
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TONNAGE  OF  CONTROLLED  COOLED  AND  BRUNORIZED  CONTRACT  RAIL  PURCHASED  TO  JUNE  30. 

191*2- 


ROAD 

ATiSF 

ACL 

B40 

B4M 

CPR 

CNR 

C4NW 

C&O 

CB&Q 

CMStP&P.... 

CRIAP 

D&H 

THROW 

PlAW 

Erie 

GN 

IC 

IRT  Co.  ... 

KCS 

LV 

LAN 

MKT 

MP 

MeCent.  ... 
NYC  Sys.  .. 
NYCiStL. . . . 

NYNH4H 

N4W 

NP 

PM 

PRR 

Reading.... 

RF&P 

SP 

Sou. Sys.  .. 
UP 

TOTAL  TONS. 


Brunorized  rail  was  first  rolled  under  contract  at  Gary  by  the  old  process  in 
October  1936.  This  process  was  revised  on  April  27,  1938,  to  provide  for  holding  the 
rails  at  a  temperature  of  800-1,000  deg.  F.  for  iy2  hours  before  charging  them  into  the 
Brunorizing  furnace. 

Table  1  lists  the  tonnages  of  all  such  contract  rail,  from  all  mills,  purchased  by 
roads  represented  on  the  Rail  committee  as  reported  to  June  30,  1942.  It  includes  a  total 
of  4,861,295  tons  of  control  cooled  rail  and  153,390  tons  of  Brunorized  rail,  making  a 
total  of  5,014,685  tons.  This  represents  an  increase  of  997,923  tons  of  control  cooled  rail 
and  13,139  tons  of  Brunorized  rail  over  the  tonnages  reported  purchased  to  June  30,  1941. 

Table  2  lists  failures  that  have  been  reported  to  November  20,  1942.  These  failures 
are  classified  in  accordance  with  AREA  standards.  Failures  which  are  primarily  due  to 
service  conditions,  that  is,  rails  broken  or  damaged  by  wrecks,  broken  wheels  or  similar 
causes;  battered  or  chipped  ends;  those  replaced  on  account  of  wear;  rails  repaired  by 
welding,  engine  burn  fractures,  or  injuries  from  other  external  causes,  are  not  included. 
However,  detail  fractures,  which  generally  can  be  attributed  to  service  conditions,  have 
been  shown  under  a  separate  heading  because  of  the  apparent  increase  in  failures  of  this 
type.  Web  failures  are  also  shown  separately  that  are  not  associated  with  bolt  holes 
and  did  not  occur  at  the  ends  of  the  rail.  It  will  be  noted  that  the  total  of  137  of  such 
web  failures  represents  38.9  percent  of  the  total  web  failures.  Transverse  fissures  which 


CONTROLLED  COOLED 

BRUNORIZED 

TOTAL 

379.1465 

3.571 

383.036 

21.759 

0 

21.759 

III4.O8I 

0 

111,061 

38,2b7 

0 

38,21*7 

2148,663 

0 

2148,663 

316,839 

0 

316.839 

97.758 

19.572 

117.330 

2?8,2ii5 

0 

228,2145 

162,802 

28,160 

190,962 

103,  h& 

149,073 

152,502 

170.-989 

0 

170,989 

16,66S 

0 

146,866 

58,16? 

0 

58. 187 

L9.223 

.0 

1*9. 223 

139,995 

0 

139.993 

81. 5ft 

21.145U 

103,028 

153,617 

5.555 

156.172 

18.5U9 

0 

18.51*9 

29.29U 

7,777 

37,071 

13.715 

0 

13.71*5 

110,229 

0 

11*0,229 

2,819 

613 

3,1*32 

160,015 

0 

180,015 

7,107 

0 

7,107 

329.563 

61,17k 

13,117 

31*2,680 

0 

61,171* 

72,731j 

0 

72,731* 

132.369 

0 

132.569 

18U.5U2 

0 

181*.  51*2 

39,268 

0 

39.268 

106,9114 

0 

1406,9114 

9.561 

0 

9. 561 

12,278 

0 

12,278 

322, 389 

0 

322, 389 

157.950 

0 

157.950 

332.058 

(4.1*98 

Wtfr 

I4, 661, 295 

153.390 

5,0114,685 
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Table  2. — Failure  Data  of  Controlled  Cooled  and  Brunorized  Rail  Summary  by 
Mills — All  Rollings  (Accumulated  Failures  to  November  20,  1942) 


Controlled  Cooled  Rail 


Web 


Bolt  Hole 

Trans. 

Comp'd 

Detail 

Other 

Broken 

& 

Other 

Mill 

Fiss. 

Fiss. 

Frac. 

Head 

Rail 

Rail  End 

Web 

Base 

Total 

Algoma   

0 

0 

0 

106 

22 

15 

6 

114 

263 

Carnegie 

Ka) 

0 

8 

16 

7 

30 

8 

3 

73 

Colorado 

0 

0 

0 

56 

7 

7 

4 

4 

78 

Dominion 

0 

0 

0 

149 

14 

63 

12 

25 

263 

Gary 

2(b) 

0 

0 

23 

21 

9 

7 

26 

88 

Inland 

6(a) 

Ka) 

9 

19 

48 

6 

9 

22 

120 

Lackawanna 

0 

0 

0 

9 

8 

0 

19 

2 

38 

6(a) 

Ka) 

0 

35 

26 

9 

16 

2 

95 

Tennessee  _ 

-All 

0 

0 

3 

143 

27 

76 

56 

9 

314 

All  Mills- 

Rollings 

15 

2 

20 

556 

180 

215 

137 

207 

1332 

Totals.  _ 

.Head 

.593 

Broken  180 

Web.. 

..352 

Base... 

.207 

Total. 

.1332 

Head 

-44.  5% 

Broken 

13.  5% 

Web. 

..  26.4%     Base... 

.   15.5% 

Total. 

-   100% 

Brunorized  Rail 


40 

4 

0 

23 

5 

1 

4 

11 

0 

0 

0 

0 

0 

0 

0 

0 

Gary  (old  process) 

Gary  (new  process) . . 

(a)  Developed  from  inclusions  or  blow  holes. 

(b)  Resulted  from  use  of  unsuitable  cooling  box  covers. 


have  been  verified  are  included  no  matter  whether  they  developed  from  shatter  cracks, 
inclusions  or  blow  holes. 

Investigation  has  shown  that  all  but  two  of  the  transverse  fissure  failures  in  control 
cooled  rail  developed  from  inclusions  or  blow  holes — causes  which  that  process  could  not 
be  expected  to  eliminate.  Investigation  of  the  two  which  originated  in  shatter  cracks 
developed  the  fact  that  those  rails  were  rolled  before  suitable  cooling  box  covers  were 
in  use. 

It  will  be  noted  that  a  number  of  fissures  have  developed  in  Brunorized  rails  which 
were  rolled  prior  to  the  change  made  in  that  process  in  April  1938.  No  fissures  have 
been  reported  in  any  Brunorized  rail  made  under  the  revised  process. 
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Process 
"A"  Gas  P 


of 


Blackman, 
rke,  C.  J. 
Hastings, 
V.  Marye, 
.eld,  J.  C. 


ty  at  the 
at-treated 
installation 

d  a  gross 
Report  of 

nd,  Fred- 

ned  from 

test  was 

43,  page 


H.  Black- 
er, G.  W. 
Morgan, 
.  Winton. 

le  subject 


"D"  Elect! 
Weld  - 


iil  on  ten 
42,  pages 


"E"  Gas  Pi 
(Oxmld) 


*  No  si 
(3)  Ren 


Total 

Failures 

9 

5 

9 

38 

4 

7 

3 

8 

IS 

1 


::  .:  .il'-.tili::.  of  :■-.  ■  t:  ■  :!j 


>-u.>^j  itu  i.  -  ^ma^KY  ' 


Lajdjnum  Contii 
Lengths  Jelded 
Intervening  Joint 


Wheel 

Load  Annual 

Tonnape 


"B"  Gee  Fusion  ■ 


"C"  Thermit  (Old  Type) 


"CI"  Thermit  (Type  K) 


(C. 

of  Ga.) 

2184 

(0. 

N.) 

11221 2) 

(1. 

H.I 

1636(31 

(L. 

k  N. ) 

1014 

(I. 

k  K.) 

2324 

(I.. 

i  N. ) 

1092 

(L. 

&  l.'.l 

747 

(Sou.  Ry. ) 

4125 

(Erie) 

5616 

(H.F.l 

3763 

[M.P.l 

4017 

IB. 

U.K.) 

5260 

(0. 

U.I 

2994 

ID. 

at  H. ) 

2519 

(D. 

*H.) 

6963 

ID. 

Il.l 

3069 

(U. 

k  K.I 

4054 

ID. 

k  H.I 

591 

ID. 

IS.   1.) 

34056 

(B. 

to.) 

1365 

(B. 

*  0.) 

2145 

131  HE 
131  HE 

131  HE 


130  HE 

131  HE 
131  RE 
131  HE 
131  HE 
131  HE 


36,500     Not  Reported 
32,000     10,000,000 
32,000     10,000,000 


Date 
Installed 

In  Tunnel 
or  Open 

Failure 

1937 

193B 

1938 

1938 

1939 
Sept.   1930 
Aug.     1930 

Tunnel 

22 
10 
32 

April  1937 
1937 

- 

None 

Oct.  1937 
Dec.  1939 

Open 

None 

Key  1936 

Tunnel 

3?* 

tay  1932 
Feb.   1939 
Feb.  1939 
April  1939 

9 

5 
SI* 

Sept.   1936 

Open 

e 

June  1936 
July  1936 
Aug.   1936 

Tunnel 

38 

3 
48 

Oct.   1935 
Aug.*.  Sept. 1933 
Lay  1934 
June  k  Sept. 1935 

1935 
tay  k  June  1936 
June  1936 

Open 

1 
9 

23 

July  1938 
July  1939 
July  1939 

TunnelU) 

15 

[0 

1  H.) 

(D. 

k  H. ) 

ID. 

k  H.) 

(D. 

k  H.I 

ID. 

k  H. ) 

ID. 

k  H.  I 

7018 
£519 
6566 
3168 


HO  RE 

131  RE 
131  HE 
131  IE 
131  RE 
131  HE 
131  tE 


35,000  6,042,000 

34,425  9,000,000 

34,425  3,000,000 

3^,000  5,353,500 

34,425  11,860,409 

32,000  3,567,000 

34,425  16,969,738 


1937 

1937 
Sept.   1939 
June-July  1937 

1937 

1937 

1937 


36,000     10,350,000 


(D. 

&  H. 

1              6983 

(D. 

k  H. 

1              5953 

ID. 

1  H. 

1              6566 

ID. 

k  H. 

)              4333 

(D. 

It  H. 

I              3273 

(D. 

k  H. 

1              3168 

lb 

1  H. 

)              1401 

"E"  Gee  Pressure  Weld 

(Ojopeld) IC.G.W.) 

(C.  k  1.11.) 


1142 
1069 

7277 


131  HE 
131  HE 
131  HE 
131  RE 
131  HE 
131  RE 
151  HE 


34,425 

9,000,000 

34,425 

9,000,000 

32,000 

5,353,500 

32,000 

3,567,000 

34,425 

16,969,736 

34,425 

11,860,409 

32,000 

5,353,500 

30,500 

8,000,000 

32,400 

7,000,000 

Oct.   1939 

June-Sept.    1935 

1937 
June-July  1937 

1937 

1937 

1937 
May  1939 


(2)  Normalized  by  controlled  cooling. 
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Report  on  Assignment  4 

Cause  and  Prevention  of  Rail  Battering  and  Methods  of 
Reconditioning  Rail  Ends 

C.  J.  Geyer  (chairman,  subcommittee),  W.  C.  Barnes,  F.  W.  Biltz,  C.  H.  Blackman, 
N.  J.  Boughton,  C.  B.  Bronson,  H.  A.  Cassil,  C.  M.  Chumley,  H.  R.  Clarke,  C.  J. 
Code,  E.  J.  Cullen,  W.  A.  Duff,  P.  O.  Ferris,  F.  W.  Gardiner,  E.  M.  Hastings, 
B.  Herman,  F.  S.  Hewes,  W.  H.  Kirkbride,  B.  R.  Kulp,  G.  M.  Magee,  R.  W.  Marye, 
Ray  McBrian,  C.  E.  Morgan,  E.  E.  Oviatt,  J.  C.  Patterson,  W.  H.  Penfield,  J.  C. 
Ryan,  L.  H.  Scheifele,  R.  T.  Scholes,  F.  S.  Schwmn,  R.  P.  Winton. 

This  is  a  progress  report  presented  as  information. 

Your  subcommittee,  with  the  aid  of  the  "Rails  Investigation"  test  party  at  the 
University  of  Illinois,  is  conducting  the  investigation  of  the  field  test  of  heat-treated 
rail  ends  on  the  Chesapeake  &  Ohio  Railway,  north  of  Carey,  Ohio.  This  test  installation 
is  outlined  in  Appendix  F  of  the  1940  report  of  Committee  4 — Rail. 

Field  tests  for  batter  of  the  end  hardened  rails  which  have  now  carried  a  gross 
tonnage  of  125,000,000  tons  to  April  1942  are  shown  in  the  Ninth  Progress  Report  of 
the  Joint  Investigation  of  Fissures  in  Railroad  Rails  on  page  611. 

There  have  been  no  new  developments  in  the  test  made  on  the  Richmond,  Fred- 
ericksburg &  Potomac  Railroad,  near  Penola,  Va.,  to  determine  results  obtained  from 
various  methods  of  welding  employed  to  build  up  battered  rail  ends,  which  test  was 
started  during  the  week  of  May  5,  1941,  as  outlined  in  the  Proceedings,  Vol.  43,  page 
591,  Report  of  Committee  4 — Rail. 


Report  on  Assignment  6 

Continuous  Welding  of  Rail 

Collaborating  with  Committee  5 — Track 

J.  C.  Patterson  (chairman,  subcommittee),  S.  E.  Armstrong,  W.  C.  Barnes,  C.  H.  Black- 
man,  C.  B.  Bronson,  E.  J.  Cullen,  J.  M.  Farrin,  P.  O.  Ferris,  C.  J.  Geyer,  G.  W. 
Harris,  E.  M.  Hastings,  F.  R.  Layng,  G.  M.  Magee,  R.  W.  Marye,  C.  E.  Morgan, 
E.  E.  Oviatt,  W.  H.  Penfield,  B.  H.  Prater,  J.  C.  Ryan,  R.  T.  Scholes,  R.  P.  Winton. 

This  report  is  submitted  as  information  with  the  recommendation  that  the  subject 
be  continued. 

Your  committee  reports  additional  service  failures  of  continuous  welded  rail  on  ten 
of  the  installations  listed  in  the  report  published  in  the  Proceedings,  Vol.  42,  pages 
660-662. 


Failures 

Failures 

Date 

Previously 

This 

Total 

Railroad 

Location 

Process 

Installed 

Reported 

Report 

Failures 

L.  &  N. 

Kufa  tunnel 

"B" 

Gas  Fusion 

5-5-38 

4 

5 

9 

L.  &  N. 

Boonesboro  tunnel 

"B" 

Gas  Fusion 

4-10-39 

3 

2 

5 

D.  &  H. 

Schenectady,  N.Y. 

"C" 

Thermit 

1935 

8 

1 

9 

Erie 

Otisville,  N.Y. 

"C" 

Thermit 

1936 

23 

IS 

38 

B.  &  L.  E. 

River  Valley,  Pa. 

"C" 

Thermit 

1935 

2 

2 

4 

N.  P. 

Bozeman,  Mont. 

"C" 

Thermit 

1936 

3 

4 

7 

N.  P. 

Helena,  Mont. 

"C" 

Thermit 

1936 

2 

1 

3 

D.  &H. 

Schenectady,  N.Y. 

"CI 

"  Thermit 

1937 

6 

2 

8 

D.  &  S.  L. 

Moffat  tunnel 

"CI 

"  Thermit 

7-1938 

8 

7 

15 

D.  &H. 

Bainbridge,  N.Y. 

"D" 

Electric  Flash    1937 

0 

1 

1 

570 Rail 

"C"  Thermit  is  the  Old  Type,  "Cl"  Thermit  is  Type  K. 

The  Bessemer  &  Lake  Erie  also  reports  that,  "During  May  we  ground  off  the  weld 
metal  outside  the  rail  contour  and  applied  6-hole  joint  bars  at  29  joints.  These  joints 
were  all  on  the  S-deg.  46-min.  curve.  This  was  done  because  cracks  had  developed  across 
the  top  of  weld  at  these  joints". 

The  Chicago  Great  Western  reports,  'Several  cracks  appeared  in  a  machine  butt 
weld.  These  were  discovered  and  repaired  with  field  weld  before  failure  occurred". 

A  revised  summary  to  date  appears  on  the  folded  insert. 


Report  on  Assignment  7 

Service  Tests  of  Various  Types  of  Joint  Bars* 

Ray  McBrian  (chairman,  subcommittee),  J.  B.  Akers,  W.  T.  Alexander,  W.  C.  Barnes, 
F.  W.  Biltz,  C.  B.  Bronson,  W.  J.  Burton,  H.  A.  Cassil,  C.  M.  Chumley,  C.  J.  Code, 
W.  A.  Duff,  P.  O.  Ferris,  F.  S.  Hewes,  W.  H.  Kirkbride,  B.  R.  Kulp,  G.  M.  Magee, 
R.  W.  Marye,  C.  E.  Morgan,  W.  H.  Penfield,  B.  H.  Prater,  J.  C.  Ryan,  R.  T. 
Scholes,  Barton  Wheelwright,  J.  G.  Wishart. 

This  is  a  progress  report  presented  as  information. 

As  previously  reported,  the  test  joints  were  applied  to  9  one-mile  stretches  of  112-lb. 
RE.  rail  in  the  westbound  track  of  the  Atchison,  Topeka  &  Santa  Fe  Railway  west  of 
Streator,  111.,  in  June  1937  and  to  12  half-mile  stretches  of  131-lb.  RE.  rail  in  the  east- 
bound  track  of  the  Pennsylvania  Railroad  east,  of  Valparaiso,  Ind.,  in  August  1937.  The 
south  rail  of  both  the  tracks  had  hardened  rail  ends. 

Observations  and  measurements  have  been  continued  during  1942,  the  principal 
measurements  including: 

(a)  Joint  camber  on  rail  head. 

(b)  Rail  surface  profile. 

(c)  Out-to-out  distance  of  bars. 

(d)  Bolt  tension. 

Joint  Camber 

A  method  used  to  judge  the  surface  conditions  of  rail  joints  for  the  various  types  of 
bars  is  the  joint  camber  in  a  chord  length  of  34J4  in.  on  the  running  surface  of  the  rail. 
The  joint  camber  depends  on  the  wear,  batter  and  flow  of  the  rail,  on  the  droop  of  the 
joint,  on  the  camber  of  the  bars  themselves  and  on  the  amount  the  bars  have  been 
pulled  in,  especially  if  the  bar  and  rail  fishing  surfaces  have  become  worn.  The  data  show 
that  most  of  the  present  decrease  in  camber  is  due  to  batter  and  only  a  small  amount  to 
droop  of  the  joint.  In  Fig.  1  are  plotted  average  values  for  30  consecutive  joints  on  the 
control-cooled,  non-end-hardened  north  rail  and  also  for  30  joints  on  the  Brunorized 
and  end-hardened  south  rail  for  each  of  the  9  test  stretches  on  the  Santa  Fe  track  for 
the  years  1937,  1939  and  1942.  In  the  figure  2  points  are  plotted  and  connected  by  a 
line  for  each  type  of  joint  on  each  rail  giving  the  camber  at  J^  in.  from  the  leaving  rail 
end  and  y2  in.  from  the  receiving  rail  end  for  a  chord  of  34J4  in.,  the  left  point  and 
right  point  respectively  on  the  figure.  A  point  above  the  zero  line  in  the  diagram  indi- 
cates that  the  rail  end  is  higher  than  the  rail  surfaces  back  17  in.;  if  below  the  zero  line, 

*  The  Rail  Committee  tests  described  in  this  report  were  carried  out  by  the  Engineering  Division 
Research  Staff  with  funds  provided  by  the  Association  of  American  Railroads. 
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the  point  is  lower.  For  the  non-end-hardened  north  rail  there  has  been  a  noticeable 
lowering  in  the  joint  camber;  in  1942  all  the  points  are  below  the  zero  line.  For  the 
north  rail,  the  AREA  36-in.  controlled  bearing  head  and  base  bars  of  mile  101-102  and 
the  AREA  36-in.  full  bearing  bars  of  mile  102-103  show  a  lesser  decrease  in  joint  camber 
between  the  1937  and  1942  readings  than  for  any  of  the  other  7  stretches.  The  average 
difference  in  readings  is  about  the  same  for  all  the  other  7  stretches.  Quite  a  few  of  the 
AREA  24-in.  wedge  joints  in  the  north  rail  of  mile  98-99,  show  a  considerable  batter; 
other  joints  in  this  mile  show  a  small  amount.  The  2  middle  bolts  holding  the  wedges 
tend  to  work  loose  and  now  have  to  be  retightened  at  intervals  of  about  6  months  to 
keep  the  bolts  reasonably  tight.  On  the  end-hardened  south  rail,  the  decrease  in  joint 
camber  on  all  9  stretches  has  been  small,  doubtless  due  to  the  small  amount  of  rail  end 
batter.  In  fact  on  several  stretches  the  1°42  readings  are  slightly  higher  in  value  than  the 
original  1937  readings  which  doubtless  means  that  the  rail  surface  back  17  in.  from  the 
rail  end  has  worn  more  than  the  combined  wear,  batter,  flow  and  droop  at  %  in.  from 
the  rail  end. 

Fig.  2  gives  corresponding  average  values  for  30  joints  on  each  rail  of  each  of  the 
12  stretches  on  the  Pennsylvania  in  1937,  1939  and  1942.  For  the  non-end-hardened 
north  rail,  9  of  the  stretches  show  little  change  in  joint  camber  on  the  leaving  rail  through 
the  years  while  the  receiving  rail  ends  for  these  9  stretches  have  gone  down  about  0.02  in. 
over  the  S-year  period.  For  Location  E,  B-19  24-in.  controlled  bearing  head  and  base 
bars,  there  has  been  a  considerable  decrease  from   1939  to   1942  on  both  leaving  and 
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Fig.  2. — Joint  Camber  in  34%  In.  at  Leaving  and  Receiving  Rail  Ends  for  60 
Joints  in  Each  Test  Stretch  on  P.  R.  R.  in  1937,  1939  and  1942. 


receiving  rail  ends  amounting  to  nearly  0.045  in.  For  the  field  end-hardened  south  rail 
only  small  changes  have  occurred  except  for  the  joints  of  Location  E  where  a  decrease 
of  0.02  in.  has  occurred,  almost  all  within  the  last  3  years. 

Rail  Surface  Profiles 

Rail  surface  profiles  were  taken  on  the  running  surface  of  the  rail  between  points 
20  in.  back  from  each  rail  end.  The  reference  points  of  the  instrument  are  located  on 
the  base  of  the  rail  so  head  surface  wear  is  included  in  the  measurements  and  any 
changes  occurring  at  the  top  of  the  rail  can  be  determined.  The  changes  in  the  values  at 
the  points  back  20  in.  from  the  rail  ends  may  be  considered  a  fair  indication  of  the  rail 
head  wear  between  periods  of  measurements.  Readings  are  taken  by  a  dial  gage  on  a 
straight  edge  at  22  intervals  along  the  rail  surface.  The  profile  gives  information  on  the 
change  in  the  rail  surface  due  to  wear,  flow,  batter,  camber  of  joint  bar  and  the  bending 
or  droop  of  the  joint  for  successive  years.  In  Figs.  3  and  4  are  plotted  average  values  of 
changes  in  elevation  of  rail  surface  profile  measurements  made  in  1938,  1941  and  1942. 
The  1938  readings  have  been  used  as  a  base  because  the  present  type  of  instrument  was 
not  developed  in  1937  when  the  test  stretches  were  installed. 

In  Fig.  3  are  plotted  the  average  rail  surface  profiles  for  15  joints  on  each  rail  for 
each  of  the  test  sections  on  the  Santa  Fe.  Considering  the  difference  in  rail  height  at 
points  back  20  in.  from  the  rail  ends,  the  average  rail  head  wear  for  the  4-year  period 
between  August  1938  and  October  1942  amounts  to  0.020  in.  for  the  48,000,000  gross 
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South  Roil  North   Roll 

Distance  from  Rail  End  in  Inches  Distance  from  Rail  End  in  Inches 

20         12    8    4     0    4     8    12  20  20         12     8    4      O    4      8    12  20 


Leaving  Receiving  Leaving  Receiving 

Fig.  3.— Rail  Surface  Profile  for  1938,  1941  and  1942,  A.  T.  &  S.  F. 
Average   for   30  Joints  in   Each   Stretch.   End-Hardened   South   Rail, 
hardened  North  Rail. 


Ry. 

Un- 


tons  of  traffic,  including  freight  and  passenger  trains  and  locomotives  between  the  2  sets 
of  readings.  The  outstanding  feature  of  the  average  profiles  is  that  in  general  the  profiles 
for  1938  and  1942  for  a  given  test  location  are  nearly  parallel  throughout  their  length 
except  for  the  batter  developing  at  the  two  or  three  inches  near  the  rail  ends.  The  pro- 
files for  the  4-year  period  are  quite  parallel  throughout  their  length  for  each  of  the  9 
test  sections  on  the  south  end-hardened  rail,  and  to  a  lesser  extent  on  the  north  non-end- 
hardened  rail  where  the  greater  amount  of  rail  end  batter  is  apparently  causing  a  small 
amount  of  droop  to  develop  especially  in  the  receiving  rail  of  several  of  these  stretches. 
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South    Roil  North    Rail 

Distance  from  Rail  End  in  Inches  Distance  from  Roil  End  in  Inches 

20  12    8     4      0    4      8     12         20  2Q  12    8     4      0     4     8     12  20 


Leaving 


Receiving  Leaving 


Receiving 


Fig.  4.— Rail  Surface  Profile  for  1938,  1941  and  1942,  P.  R.  R.  Aver- 
age for  30  Joints  in  Each  Stretch.  End-Hardened  South  Rail,  Unhardened 
North  Rail. 
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The  differences  in  the  middle  few  inches  are  the  battering  of  the  rail  ends  which  is  quite 
marked  on  all  sections  on  the  non-end-hardened  north  rail.  The  end-hardened  south  rail 
shows  only  a  small  amount  of  batter.  A  frequent  reversal  of  traffic  in  train  operation 
over  this  track  has  doubtless  minimized  batter  differences  at  the  two  rail  ends  of  a  joint. 
The  average  rail  surface  profiles  for  15  joints  on  each  rail  for  each  of  the  test 
stretches  on  the  Pennsylvania  are  shown  in  Fig.  4.  The  average  rail  head  wear  for  the 
4-year  period  for  all  the  stretches  at  points  back  20  in.  from  the  rail  ends  averages 
0.023  in.  for  the  62,000,000  gross  tons  of  traffic  including  freight  and  passenger  trains 
and  locomotives  between  the  2  sets  of  readings  for  September  1938  and  November  1942. 
In  most  of  the  stretches,  the  average  profiles  for  1938  and  1942  are  reasonably  parallel 
throughout  their  length  except  over  the  two  or  three  inches  at  the  rail  ends  where  batter 
has  developed.  Variations  from  such  parallel  profiles  are  found  in  both  rails  of  Location 
E,  B-19  24-in.  controlled  bearing  head  and  base  bars,  the  north  rail  of  Location  B, 
AREA  24-in.  full  bearing  bars,  the  north  rail  of  Location  L,  the  Evertite  bars  that  were 
removed  from  track  and  to  a  lesser  extent  on  the  receiving  rail  only  of  the  north  rail  at 
two  or  three  other  locations.  At  these  locations  mentioned,  there  has  been  a  lowering  of 
the  joints  in  addition  to  that  part  due  to  rail  wear  and  rail  batter.  The  field  end- 
hardened  south  rail  shows  a  smaller  amount  of  batter  than  the  north  non-end-hardened 
rail  over  the  5-year  period  that  the  test  joints  have  been  in  track. 

Out-to-Out  Measurements 

The  out-to-out  measurement  is  the  distance  between  a  point  on  the  flange  of  the 
outer  bar  of  a  rail  joint  to  a  corresponding  point  on  the  inner  bar.  The  main  purposes 
of  these  measurements  are  to  show  the  amount  of  "pull  in"  of  the  bars  and  whether 
any  cocking  has  taken  place  during  a  given  period.  The  changes  in  the  out-to-out 
measurements  between  1937  and  1942  are  given  for  the  Santa  Fe  in  Table  1  and  for  the 
Pennsylvania  in  Table  2.  The  original  measurements  made  in  1937  were  taken  three  or 
four  months  after  the  rail  was  laid  so  that  the  bars  would  be  well  seated  in  the  joint. 

The  average  change  of  out-to-out  distance  found  for  the  joints  of  the  9  stretches 
on  the  112-lb.  rail  of  the  Santa  Fe  in  the  period  1937  to  1941  was  given  in  the  report 
on  Assignment  7  of  the  Rail  committee,  Proceedings,  Vol.  43,  page  597  as  — 0.07  in.  for 
the  top  and  — 0.06  in.  for  the  bottom  of  the  bars.  The  average  values  for  these  stretches 
as  determined  in  the  1942  measurements  remain  as  given  above  for  last  year's  values 
although  all  the  bolts  were  tightened  in  June  1942.  It  will  be  noted  that  there  has  been 
more  "pull  in"  at  both  the  top  and  at  the  bottom  for  the  bars  of  Location  S,  AREA 
24  in.  full  bearing  bars  and  Location  T,  B-34  24-in.  controlled  bearing  bars  head  only, 
than  for  the  other  sections.  As  would  be  expected,  there  is  only  a  small  amount  of  "pull 
in"  at  the  tops  of  the  2  headfree  sections;  while  for  the  bottoms  of  these  bars  one  section 
shows  more  inward  movement  than  the  average  of  the  other  stretches  and  the  other 
shows  a  lesser  movement.  Probably  the  most  significant  feature  of  the  out-to-out  meas- 
urements to  date  for  the  Santa  Fe  test  locations  is  that  the  2  bars  of  individual  rail 
joints  have,  with  but  very  few  exceptions,  "pulled  in"  an  amount  close  to  the  average 
value  for  individual  sections.  In  other  words,  the  bars  of  each  joint  of  the  60  joints 
measured  for  each  location  have  "pulled  in"  an  amount  close  to  the  average  amount  for 
the  location,  with  very  few  if  any  bars  going  inward  a  large  amount.  Cocking  of  bars 
due  to  wear  would  be  denoted  by  the  difference  of  the  change  in  measurements  between 
the  tops  and  bottoms  of  the  bars.  In  general,  the  cocking  due  to  wear  and  "pull  in"  of 
the  bars  to  date  may  be  considered  small. 

The  change  in  out-to-out  values  for  the  joints  on  the  131 -lb.  rail  of  10  of  the 
stretches  on  the  Pennsylvania  (not  including  Locations  E  and  L)  were  reported  a  year 
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Table  1 

Change  in  Out-to-Out  Measurements  on  Joint  Bars  From  1937  to  1942  in  Each 
Test  Stretch  on  the  A.  T.  &  S.  F.  Ry. 

Values  are  the  combined  movements  of  the  two  bars.  Negative  sign  means  movement 
towards  rail.  Each  value  is  the  average  for  30  joints  on  each  rail.  Values  are  in  inches. 


Rail 

Top  of  Bars 

Bottom  of  Bars 

Location  and  Type  oj 
Bar 

Leaving 
end 

Mid    Receiv- 
length    ing  end 

Leaving 
end 

Mid 

length 

Receiv- 
ing end 

N 
S 

Traffic 

Traffic 

M.  Mile  97-98;  A12 
24  in.  H.  F.  Angle 

—.01 
—.01 

—.01     —.01 
—.01     —.01 

—  .05 
0 

—.05 
—.02 

—.06 
—.01 

N.  Mile  98-99;  AREA 
24  in.  Wedge 

N 
S 

—.03 
—.05 

— .  05     — .  06 
—.06     —.05 

—.01 
—.04 

—.04 
—.04 

—.04 
—.04 

0.  Mile  99-100;  AREA 
24  in.  C.  B.  H. 

N 
S 

—.07 
—.06 

—  .08     —.11 
— .  05    — .  06 

—.04 
—.04 

—.03 
—.05 

—.08 
—.05 

P.  Mile  100-101;  AREA 
24  in.  C.  B.  H.  &  B. 

N 
S 

—.10 
—.11 

-  .  10     — .  10 
— .  09     — .  08 

—.05 
—.07 

—  .04 
—.06 

—.06 
—.05 

Q.  Mile  101-102;  AREA 
36  in.  C.B.H.&B. 

N 
S 

—.07 
—.06 

— .  08    — .  09 
—.05     —.08 

—.04 
—.02 

—  .05 
—.03 

—.05 
—.06 

R.  Mile  102-103;  AREA 
36in.F.B. 

N 
S 

-.04 
—  .07 

— .  07     — ,  07 
—  .08     —.07 

—.03 
—.04 

—  .05 
—.06 

—.05 
—.04 

S.  Mile  103 -104;  AREA 
24in.F.B. 

N 
S 

—.09 
—.11 

—.10     —.14 
—.11     —.12 

—.08 
—.10 

—.08 
—.09 

—.12 
—.11 

T.  Mile  104-105;  B-34 
24in.C.B.H. 

N 
S 

—.16 

—.15 

— .  13     — .  14 
— .  13     — .  13 

—.09 
—.12 

—.08 
—.12 

—.09 

—.11 

U.  Mile  105-106;  B-35 
24  in.  H.  F. 

N 
S 

—.03 
—.05 

— .  02     — .  03 
— .  03     — .  02 

—.08 
—.14 

—.07 
—.11 

—.09 

-.07 

F.  B. — full  bearing  bars;  C.  B.  H.  &  B. — controlled  bearing  bars  head  and  base; 
C.  B.  H. — controlled  bearing  bars  head  only;  H.  F. — headfree  bars. 


ago  as  — 0.06  in.  for  the  tops  of  the  bars  and  — 0.04  in.  for  the  bottoms.  The  average 
values  for  these  10  stretches  have  now  increased  to  — 0.08  in.  and  — 0.05  for  the  5-year 
period.  The  bolts  were  tightened  in  December  1941  after  the  set  of  readings  of  a  year 
ago  were  taken.  It  will  be  noted  in  Table  2  that  the  tops  of  the  bars  of  Locations  B,  C, 
D,  and  E  have  had  a  greater  "pull  in"  over  the  5-year  period  than  the  bars  of  the  other 
locations.  The  tops  of  the  headfree  bars  of  Locations  J  and  K  have  had  a  lesser  inward 
movement  than  the  bars  for  the  other  locations.  For  Locations  A,  G,  H,  I,  J  and  K  the 
two  bars  of  individual  rail  joints  have,  with  very  few  exceptions,  "pulled  in"  an  amount 
close  to  the  average  values  for  the  60  joints  measured  in  the  several  stretches;  for  Loca- 
tions B,  C,  D  and  E  the  tops  of  the  bars  of  some  of  the  individual  joints  have  "pulled 
in"  far  more  than  the  normal  amount  for  most  of  the  joints  of  these  stretches. 

Special  mention  should  be  made  of  the  values  for  Location  E,  B-19  24-in.  controlled 
bearing  head  and  base  bars.  The  average  change  in  out-to-out  is  very  large  and  is  con- 
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Table  2 

Change  in  Out-to-Out  Measurements  on  Joint  Bars  From  1937  to  1942  in  Each 
Test  Stretch  on  the  P.  R.  R. 

Values  are  the  combined  movements  of  the  two  bars.  Negative  sign  means  movement 
towards  rail.  Each  value  is  the  average  for  30  joints  on  each  rail.  Values  are  in  inches. 


Location  and  Tvpe  of 
Bar 

Rail 

Top  of  Bars 

Bottom  of  Bars 

Leaving 
end 

Mid     Receiv- 
length    ing  end 

Leaving 
end 

Mid 
length 

Receiv- 
ing end 

N 
S 

—.08 
—  .10 

Traffic 

> 

—.11     —.11 
—.11     —.07 

Traffic 

A.  AREA  36  in. 
F.B. 

—.03 
-.06 

—.05 
—.08 

—  .06 
—.05 

B.  AREA  24  in. 
F.B. 

N 
S 

--.16 
—.12 

-.17     -.20 
— .  12     — .  13 

—.04 
—.05 

—.05 
—.06 

-.07 
—.07 

C.  B-19  36  in. 
F.B. 

N 
S 

—.15 
—.07 

—.15     —.15 
-.10     —.11 

—.06 
—  03 

—.08 
—.07 

—.08 
—.08 

D.  B-19  36  in. 

C.B.H.&B. 

N 
S 

—.11 

—.06 

—.13     -.16 
—.10     —.11 

—.04 
—.02 

—  .07 

-  .  06 

—.10 
—.11 

E.  B-19  24  in. 

C.B.H.&B. 

N 
S 

—.42 
—.30 

—.34     —.33 
—  .21     —.19 

—.22 
—.16 

—  .17 
—.11 

—.13 
—.04 

F.  B-19  36  in. 
C.B.H. 

N 
S 

—.05 
—.05 

—.10     —.11 
—.10     —.09 

+  .01 
—.01 

—.03 

—.07 

—.05 
—.06 

G.  F-4  36in. 
F.B. 

N 
S 

—.07 
—  .02 

— .  09     — .  09 
—.01           0 

—  .04 
+  .02 

—.05 
+  .01 

-.04 
+  .02 

H.  F-4  36in. 

C.B.H.&B. 

N 
S 

—.09 
—  .04 

—.11     —.15 
—  .08     —.09 

—.06 

—.03 

—.09 
—.06 

—.10 
—  .07 

I.  A-39  36in. 

F.  B.  Angle 

N 
S 

—.07 
—  .04 

— .  09     — .  10 

— .  08     — .  07 

0 
0 

—.02 
—.01 

—.04 
—.01 

J.  A-13  36in. 

H.  F.  Angle 

N 
S 

—.03 
—.01 

— .  01           0 
— .  02     — .  01 

—.05 
—.05 

—.06 
—  .07 

— .  04 
—  .06 

K.  B-43  36in. 
H.F. 

N 
S 

—.05 
—.01 

—.05     —.04 
—  .06     —.02 

—  .09 
—.04 

—.09 
—.10 

—.03 
—  .06 

F.  B. — full  bearing  bars;  C.  B.  H.  &  B. — controlled  bearing  bars  head  and  base; 
C.  B.  H. — controlled  bearing  bars  head  only;  H.  F. — headfree  bars. 


siderably  more  at  the  top  than  the  bottom.  Data  for  individual  joints  of  Location  E 
show  21  of  the  60  joints  measured  to  have  a  "pull  in"  of  between  0.38  in.  and  O.SS  in. 
at  the  mid-length  of  the  tops  of  the  bars;  16  of  these  joints  are  on  the  north  unhardened 
rail  and  only  5  are  on  the  south  end-hardened  rail.  The  top  of  one  or  both  of  the  bars 
of  these  joints  is  against  the  upper  fillet  of  the  rail  web  for  the  full  length  of  the  bar. 
The  "pull  in"  of  the  bottom  of  these  bars  is  a  considerably  lesser  amount  which  results 
in  severe  cocking  of  the  individual  bars.  This  condition  first  developed  during  1941  and 
has  become  considerably  worse  during   1942.    It  will  be  remembered  that  the  joints  in 
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this  location  originally  had  very  high  camber  but  now  many  of  them  have  gone  down 
to  a  position  somewhat  below  a  level  position  and  the  individual  joints  with  the  greatest 
amount  of  "pull  in"  are  the  ones  that  are  the  lowest  in  track  level.  The  rail  ends  in  this 
location  have  battered  little  if  any  more  than  those  at  the  other  locations. 

Some  of  the  individual  joints  of  Location  B,  and  to  a  lesser  extent  some  individual 
joints  of  Locations  C  and  D  are  beginning  to  develop  a  greater  change  in  "pull  in"  than 
is  considered  normal. 

Bolt  Tension  on  the  Santa  Fe 

In  June  1942  the  bolt  tension  was  measured  in  24  joints  of  each  section  and  the 
bolts  were  tightened  by  hand  wrenching  in  all  the  joints  of  the  test  locations  on  the 
Santa  Fe.  In  this  tightening  the  bolts  were  set  to  a  general  average  tension  to  range 
between  12.000  and  15,000  lb.  for  each  of  the  9  test  locations.  The  existing  tension  in 
June  1942  is  given  in  Table  3  together  with  the  tension  as  reset  in  the  same  joints  in 
April  1941  to  show  the  loss  in  tension  in  the  bolts  over  the  14  months'  period.  The 
average  values  given  are  for  the  bolts  in  the  same  24  joints  in  each  stretch;  none  of 
these  bolts  were  tightened  during  this  time  except  the  2  middle  bolts  of  Location  N, 
AREA  24-in.  wedge  joints  which  had  become  rather  loose  and  were  retightened  in  Jan- 
uary 1942.  The  tension  set  in  the  bolts  averaged  14,500  lb.,  the  existing  tension  on  re- 
measurement  averaged  6,400  lb.  which  gave  an  average  loss  in  tension  of  8,100  lb.  for  the 
14-month  period.  The  average  loss  in  tension  for  each  of  the  individual  stretches  seems 
surprisingly  uniform  considering  the  variation  in  bar  designs  and  the  differences  in  con- 
ditions of  surface  bearings.  However,  the  loss  in  tension  is  greater  than  has  been  recorded 
in  these  same  joints  in  former  years. 

In  the  lower  part  of  Table  3  results  are  given  for  3  of  the  locations  where  the  bolts 
of  6  joints  at  each  location  were  set  to  a  tension  of  8,000  lb.  The  existing  tension  in 
these  bolts  after  the  14-month  period  was  found  to  average  2,500  lb.,  a  value  that  must 
be  considered  too  low  for  good  practice. 

Bolt  Tension  on  the  Pennsylvania 

In  December  1941  the  bolt  tension  was  measured  in  a  number  of  joints  of  each 
section  and  the  bolts  were  tightened  by  hand  wrenching  in  all  the  joints  of  the  test 
locations  on  the  Pennsylvania.  In  this  tightening  the  bolts  were  set  to  a  general  average 
tension  to  range  between  12,000  and  15,000  lb.  for  each  of  the  11  test  locations.  The 
existing  tensions  in  December  1941  are  given  in  Table  4  together  with  the  tensions  as 
reset  in  the  same  joints  in  October  1940  to  show  the  loss  in  tension  in  the  bolts  over  the 
14-month  period.  The  average  values  given  are  for  the  bolts  in  the  same  joints  of  each 
stretch;  none  of  the  bolts  were  tightened  during  the  interval.  In  the  upper  part  of  the 
table  average  values  of  bolt  tension  are  given  for  20  joints  of  each  location  set  to  a 
normal  tension  of  from  12,000  to  15,000  lb.  After  the  14-month  period  the  existing  ten- 
sion averaged  about  5.000  lb.  per  bolt.  The  average  decrease  in  tension  of  8,800  lb.  for 
the  14-month  period  is  greater  than  the  loss  in  tension  recorded  in  these  same  joints  in 
former  years.  It  will  be  noted  that  the  existing  average  tension  for  the  bolts  in  the  joints 
at  Location  E  is  very  low.  A  number  of  the  joint  bars  at  this  location  had  "pulled  in" 
a  large  amount  during  this  period  of  time;  at  these  joints  many  of  the  bolts  were  loose 
by  more  than  0.1  in. 

In  the  middle  part  of  Table  4  results  are  given  for  6  joints  at  each  of  the  11  test 
locations  where  a  low  tension  of  about  8,000  lb.  had  been  set  in  the  bolts.  After  the 
14-month  period  the  existing  tension  was  found  to  average  about  2,000  lb.  For  the  past 
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several  years  these  same  joints  have  been  set  to  a  low  tension;  in  future  measurements 
it  will  be  of  interest  to  see  if  these  joints  have  been  worn  more  than  the  joints  in  which 
a  normal  tension  has  been  maintained. 

In  the  lower  part  of  the  table  results  are  shown  for  6  joints  at  2  locations  where 
the  bolts  were  set  to  an  average  tension  of  about  24,000  lb.  The  existing  tension  in  these 
bolts  was  found  to  average  14,500  lb.  after  the  14-month  period. 

Conclusions 

These  service  tests  have  consisted  of  the  installation  of  9  different  types  of  112-lb. 
joint  bars  on  the  Santa  Fe  Railway  and  12  different  types  of  131 -lb.  joint  bars  on  the 
Pennsylvania  Railroad,  on  end-hardened  and  unhardened  rail  with  periodic  inspection 
and  measurements  of  certain  characteristics  which  are  judged  to  be  indicative  of  service 
performance.  The  following  conclusions  seem  justified  by  the  results  to  date.  It  is  to 
be  expected  that  as  the  service  period  lengthens,  more  definite  and  complete  conclusions 
will  be  afforded  with  regard  not  only  to  the  relative  performance  of  various  joint  bar 
designs,  but  also  to  what  is  perhaps  more  important,  the  principles,  manner  and  causes 
which  bring  about  progressive  rail  joint  deterioration  to  the  point  where  the  perform- 
ance is  no  longer  satisfactory. 

The  end-hardened  rails  in  both  the  Santa  Fe  and  Pennsylvania  tests  show  much 
less  batter  than  the  unhardened  rails.  The  different  types  of  joint  bars  have  so  far  pro- 
duced no  distinctive  difference  in  the  amount  of  rail  batter. 

In  the  Santa  Fe  test,  no  joint  bar  design  has  so  far  showed  distinctive  difference  in 
performance  with  respect  to  "pull  in"  of  bars,  droop  of  rail  surface,  or  loss  in  bolt 
tension  except  that  the  2  middle  bolts  of  the  24-in.  wedge  type  joints  have  had  to  be 
tightened  at  more  frequent  intervals. 

In  the  Pennsylvania  test,  many  of  the  B-19  24-in.  controlled  bearing  head  and 
base  bars  of  Location  E  are  now  definitely  showing  a  more  than  average  amount  of 
"pull  in",  joint  droop  and  bolt  tension  loss,  although  the  bars  are  still  serviceable.  The 
same  comment  applies  to  several  of  the  individual  joints  of  the  AREA  24-inch  full  bearing 
bars  of  Location  B.  As  stated  in  last  year's  report,  the  Evertite  bars  of  Location  L  were 
removed  from  track  in  April  1941  because  of  unsatisfactory  performance. 

In  18  of  the  21  test  stretches,  there  has  been  little  tendency  for  the  rail  joints  to 
droop;  the  progressive  differences  in  rail  surface  profile  are  due  to  rail  surface  wear  and 
rail  end  batter.  Since  droop  has  been  found  to  be  largely  influenced  by  wear  of  the  rail 
and  bar  fishing  surfaces,  the  lack  of  droop  may  be  taken  as  an  indication  of  small  wear 
on  those  surfaces. 
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Report  on  Assignment  8 

Investigate  Joint  Bar  Failures  and  Give  Consideration  to  the 
Revision  of  Design  and  Specifications 

Ray  McBrian  (chairman,  subcommittee),  J.  B.  Akers,  W.  T.  Alexander,  C.  B.  Bronson, 
W.  C.  Barnes,  F.  W.  Biltz,  W.  J.  Burton,  H.  A.  Cassil,  C.  M.  Chumley,  C.  J.  Code, 
W.  A.  Duff,  P.  O.  Ferris,  F.  S.  Hewes,  W.  H.  Kirkbride,  B.  R.  Kulp,  G.  M.  Magee, 
R.  W.  Marye,  C.  E.  Morgan,  W.  H.  Penfield,  B.  H.  Prater,  J.  C.  Ryan,  R.  T. 
Scholes,  Barton  Wheelwright,  J.  G.  Wishart. 

The  previous  reports  on  this  subject  outlined  tests  of  fully  assembled  rail  joints 
which  were  being  conducted  at  the  Colorado  Fuel  &  Iron  Corporation,  and  on  the  rolling- 
load  machine  at  the  University  of  Illinois.  A  report  of  the  results  obtained  in  the  tests 
at  the  Colorado  Fuel  &  Iron  Corporation  and  a  progress  report  of  the  rolling-load  tests 
being  conducted  at  the  University  of  Illinois  are  submitted  herewith  as  information. 


Rail  Joint  Fatigue  Tests  at  Colorado  Fuel  &  Iron  Corporation 

The  tests  at  the  Colorado  Fuel  &  Iron  Corporation  have  been  completed  on  joint 
bars  for  112  and  131-lb.  rail. 

These  tests  were  conducted  bv  mounting  the  assembled  joints,  as  shown  in  the  Pro- 
ceedings, Vol.  42,  Fig.  8,  page  670,  on  supports  36  in.  apart  and  loading  them  at.  the 
center  with  a  concentrated  load  of  65,000  lb.  at  a  rate  of  50-load  applications  per  minute. 
All  joints  were  made  up  with  20,000  lb.  bolt  tension.  This  method  of  testing  was  selected 
because  it  was  found  to  produce  cracks  identical  to  those  secured  in  service. 

In  this  study  the  effect  of  design  changes  was  investigated  by  tests  of  the  following 
types  of  bars  and  special  conditions: 

Head  contact  bars. 

Headfree  bars. 

Controlled  bearing  bars. 

Overfills. 

Easements. 

Overfills  and  easements. 

Lowered  bolt  holes. 

Toe  and  toeless  bars. 

The  objective  was  to  determine  possible  effects  of  design  in  the  prevention  of  cracks 
developing  in  joint  bars,  which  might  result  in  service  failures  or  in  the  scrapping  of  the 
bars  when  reforming  was  considered. 

It  appears  that  no  major  design  change  can  be  made  unless  the  designs  of  the  112 
and  131-lb.  rail  sections  are  materially  changed;  however,  the  tests  show  that  the  best 
solution  possible  for  the  prevention  of  top  center  and  base  center  cracks  in  head  contact 
bars  is  the  introduction  of  an  easement.  It  will  be  noted  that  in  this  respect,  the  ground 
easement  was  found  to  be  more  effective  than  a  hammered  easement. 

Along  with  the  question  of  design  it  was  found  that  the  use  of  headfree  design 
offered  greater  resistance  to  cracking  than  did  any  of  the  head  contact  designs,  and  that 
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the  controlled  bearing  bars  without  easement  were  the  most  susceptible  to  cracking. 
Bolt  holes  could  not  be  lowered  more  than  %  in.  on  account  of  clearance  for  the  bolt. 
This  was  not  enough  to  prevent  cocking.  While  a  change  of  Y%  in.  improved  conditions 
somewhat,  lowering  of  the  holes  by  -}£  in.  would  be  necessary  to  equalize  pressure  at 
the  top  and  bottom.  Where  bars  with  overfills  are  used,  top  center  easements  are  recom- 
mended. 

The  use  of  toeless  bars  is  effective  in  eliminating  cracking  in  spike  slots;  for  both 
toeless  and  toe  bars,  top  center  easement  results  in  resistance  to  top  center  cracking. 

The  effect  of  heat  treatment  and  chemistry  was  investigated  through  the  following 
tests : 

Change  in  chemistry. 

Use  of  intermediate  manganese  bars. 

Use  of  0.43  carbon  steel  as  compared  with  0.70  carbon  steel,  heat-treated. 

Flame  hardening  the  top  center  of  bars. 

The  intermediate  manganese  bars,  as  rolled  and  oil  quenched,  failed  by  breaking. 

The  0.43  carbon  bars  tested  were  oil  quenched,  oil  quenched  and  flame  hardened, 
water  quenched  and  tempered.  While  these  ran  more  cycles  and  offered  improved  resist- 
ance to  cracking  over  ordinary  head  contact  bars,  they  were  not  equal  to  bars  with  a 
ground  easement  or  to  headfree  bars. 

The  0.70  carbon  bars  tested  were  oil  quenched  and  tempered.  Tests  indicated  that 
use  of  higher  carbon  steel  was  not  any  more  resistant  than  the  0.43  carbon  bars. 

One  observation  during  the  tests  on  loosening  of  bolts  was  that  where  1-in.  bolts 
were  used  with  24-in.  bars,  the  bolts  started  to  loosen  at  about  40,000  cycles  and  by 
the  end  of  the  run  some  were  very  loose,  while  with  1^-in.  bolts  on  24-in.  bars,  the 
bolts  remained  tight  throughout  the  entire  run.  With  36-in.  bars  using  1-in.  bolts,  the 
bolts  remained  tight  throughout  the  run. 

Data  obtained  in  the  tests  conducted  at  the  Colorado  Fuel  &  Iron  Corporation 
are  shown  in  the  table  on  preceding  pages. 


Rolling-Load  Tests  of  Joint  Bars 

By  N.  J.  Alleman 
Special  Research  Assistant  Professor  of  Engineering  Materials,  University  of  Illinois 

Tests  of  joint  bars  were  carried  on  by  E.  E.  Cress  and  R.  L.  Jordan  as  a  part  of 
the  Investigation  of  Stresses  in  Railroad  Track  until  Dr.  A.  N.  Talbot  resigned  in  1941. 
Professor  T.  J.  Dolan  continued  with  the  work  until  called  to  the  Army,  July  1,  1942. 
Of  the  joints  herein  reported  numbers  up  to  and  including  28  were  tested  by  Messrs. 
Cress  and  Jordan  and  four  joints,  29,  30,  31  and  32  were  tested  by  Professor  Dolan.  All 
of  this  work  has  been  carried  on  in  the  Materials  Research  Laboratory  at  the  University 
of  Illinois  with  funds  provided  by  the  Association  of  American  Railroads. 

Joint  bar  studies  are  made  on  the  33 -in.  stroke  rolling-load  machine  described  by 
Dr.  Talbot  in  the  AREA  Proceedings,  Vol.  40,  page  649.  The  joint  is  placed  as  shown 
in  Fig.  1A  with  the  gap  at  the  center  of  the  36-in.  span.  The  wheel  rolls  from  a  point 
6  in.  to  the  left  of  the  rail  gap  to  a  point  9  in.  to  the  right  of  the  right  hand  support. 
A  clamp  at  the  left  hand  support  holds  the  rail  down.  The  machine  exerts  a  strong 
longitudinal  pull  on  the  rail  towards  the  crank  end,  and  a  block  (B)  bolted  to  the  base 


Rail 587 

of  the  left  hand  rail  butts  against  the  left  support  and  prevents  the  rail  from  creeping. 
This  pull  then  acts  on  the  right  hand  (undamped)  rail  and  tends  to  open  the  gap. 

A  44,400-lb.  wheel  load,  used  for  most  of  the  tests,  produces  a  maximum  positive 
moment  at  the  rail  gap  of  400,000  in.-lb.  when  the  load  is  at  the  gap.  A  maximum 
negative  moment  of  200,000  in.-lb.  is  produced  at  the  gap  when  the  wheel  is  at  the 
cantilever  end  of  the  stroke.  The  value  of  400,000  in.-lb.  is  the  moment  that  has  been 
suggested  as  a  criterion  in  the  design  of  joint  bars. 


33  IN.   STROKE 


6"- 


CRANK  END 


\Q  2<§>       ZQ  4<§> 


36"  «-*-« —  9" 


Fig.  1A. — 33-in.  Stroke  Rolling-Load  Machine. 

A  rather  complete  set  of  measurements  was  taken  by  Messrs.  Cress  and  Jordan  on 
each  joint,  including  all  fishing  surface  profiles,  fishing  heights,  bolt  tensions,  stresses  in 
bars,  fit  of  bars  and  bar  deflections  and  complete  data  are  on  file  at  the  University  of 
Illinois. 

Beginning  with  Joint  29,  the  study  of  bars  was  resolved  into  a  study  of  three  lots 
of  24-in.,  4-hole  bars  for  112-lb.  rails.  Tests  on  joints  subsequent  to  No.  28  were  on  bars 
taken  from  the  three  following  lots  of  bars  received  from  three  railroads: 

Type                                   Mill  Brand  Railroad  Stamp 

AREA  Type  1936  Illinois  Si  12-25  C.  &  N.  W.  Serial  28 

R.J.  Co.   112-B34  Illinois  R112-25M  Rock  Island  Heat  No.     7 

R.J.  Co.  112-J16  Illinois  R112-25T  Burlington  Heat  No.  23 
Headfree 

The  proposed  outline  of  tests  calls  for  tests  as  follows: 

(A)  Effect  of  cocked  position  of  bars  (B34  bars). 

2  joints  at  15,000  lb.  bolt  tension. 
2  joints  at  35,000  lb.  bolt  tension. 

44,400-lb.  wheel  load,  %  in.  cocking,  %  in.  gap. 

(B)  Effect  of  design  of  bars. 

2  joints  of  headfree  (J16)   bars  at  35,000  lb.  bolt  tension. 

2  joints  of  headfree  (J16)  bars  at  15,000  lb.  bolt  tension. 

2  joints  with  bar  relief  at  15,000  lb.  bolt  tension  (B34  bars). 

1  joint  with  rail  end  relief  at  15,000  lb.  bolt  tension  (B34  bars). 

(C)  Effect  of  bolt  tension  on  rail  end  breakage  (B34  bars) . 

2  tests  of  joints  at  5,000  lb.  bolt  tension. 

(D)  Determination  of  fatigue  strength  of  joint  bars  (AREA  bars). 

Tests  to  be  made  with   15,000  lb.  bolt  tension  at  30,000,  35,000,  45,000 
and  55,000  lb.  wheel  loads. 
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Procedure 

The  proposed  outline  of  tests  was  followed  closely  except  for  slight  changes  deemed 
necessary  as  the  tests  progressed. 

New  rails  were  cut  with  a  power  hack  saw  thus  eliminating  any  "pinching"  effect 
on  the  bars  of  the  rail  ends.  Bolt  spacing  was  standard  and  the  rail  ends  were  not  cham- 
fered. Rail  fishing  surfaces  were  ground  lightly  to  remove  rust  and  scale  and  the  bars 
were  cleaned  by  sand  blasting;  no  grease  or  oil  was  applied  to  the  fishing  surfaces. 
The  ure  of  tapered  washers  on  the  cocked  joints  was  discontinued.  One-inch  track  bolts, 
prestressed  three  times  to  45,000  lb.  before  calibration  and  i7s-in.  Hubbard  lock  washers 
were  used  throughout  the  testing  program. 

After  a  test  was  started  readings  of  bolt  tension,  bar  deflection,  out-to-out  measure- 
ment and  gap  were  taken  at  100,  600,  30,000,  100,000  and  250,000  cycles  and  at  incre- 
ments of  250,000  cycles  thereafter.  Along  with  each  reading  a  magnaflux  examination 
for  cracks  was  made.  Bolts  were  retightened  if  tensions  were  low;  also,  bolts  were 
occasionally  loosened,  one  at  a  time,  to  check  the  zero  readings.  Even  though  the  bolts 
are  prestressed  the  no-load  readings  of  permanent  stretch,  indicating  bolt  creep,  continue 
to  increase,  particularly  on  the  two  middle  bolts.'  Stabilization  of  the  bolts  and  bars 
accounts  for  a  portion  of  the  tension  loss.  In  a  few  cases,  with  a  15,000-lb.  bolt  tension, 
bolt  creep  was  sufficient  to  lower  the  tension  to  8,000  lb.  The  loss  of  tension  usually 
ranged  from  500  to  5,000  lb.  Using  a  35,000-lb.  bolt  tension,  losses  as  high  as  18,000  lb. 
were  noted,  the  range  usually  being  from  2,000  to  10,000  lb.  All  bolts  are  1-in.,  heat 
treated. 

For  the  tests  with  15,000-lb.  bolt  tension  the  joint  gap  opens  until  the  bolts  bear 
against  the  sides  of  the  holes  in  the  rail,  thus  preventing  further  gap  opening.  Several 
bolts  have  been  broken,  usually  at  the  No.  3  position,  the  end  hole  of  the  undamped 
right  hand  rail.  Bolt  failures  have  occurred  at  midlength,  due  to  pressure  at  the  side  of 
the  rail  bolt  hole,  at  shoulder  fillets  and  at  head  fillets.  There  have  been  no  failures  in 
the  bolt  threads.  Brinell  hardness  tests  on  6  broken  bolts  gave  values  ranging  from 
205  to  236. 

Table  1  is  a  summary  of  the  joint  bar  tests  completed  to  December  1,  1942.  Table  2 
lists  the  Brinell  hardness  readings  of  the  bars.  The  readings  on  the  cross  section  are  the 
maximum  and  minimum  of  5  readings  taken  on  a  polished  surface  at  the  4  corners  of 
the  bars  y2  in.  from  the  nearest  edge,  and  at  the  center  of  the  web  at  the  bolt  hole 
height.  For  the  majority  of  the  bars  the  variation  over  the  cross  section  is  at  least  20 
points. 

Brinell  hardness  readings  were  taken  on  the  top  and  bottom  bar  surfaces  after 
grinding  off  just  enough  scale  to  give  a  smooth  testing  surface.  These  readings  are 
affected  somewhat  by  surface  decarburization  and  do  not  give  a  true  measure  of  surface 
hardness. 

Effect  of  Cocked  Position  of  B34  Bars 

Tapered  washers  were  not  used  to  preserve  the  cocking  as  in  previous  tests  and 
the  bolt  holes  were  at  standard  height.  The  amounts  of  cocking  are  given  in  Table  1. 
Fatigue  data  for  B34  bars  are  given  in  Fig.  2A. 

Cocking  on  tests  run  to  date  does  not  appear  to  affect  the  bar  stresses  sufficiently 
to  cause  any  marked  decrease  of  cycles  to  cause  fracture  of  a  joint.  Variation  of  strength 
of  bars  due  to  differences  in  heat  treatment,  indicated  by  the  wide  range  of  hardness 
values,  may  cause  failures  in  duplicate  tests  over  a  wide  range  of  cycles.  Furthermore, 
from  the  data  available  there  does  not  seem  to  be  a  great  difference  in  the  life  of  a 
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Table  2. — Brlxell  Hardness  Readings  of  Joint  Bars 


Bar 

No. 


7N 
16N 
18S 
19N 
21N 
21N 

22S 
29S 
31N 
40S 


9N 

30N 
32N 
33N 
33N 


Location 
of  Cross 
Section* 


Brinell  Hardness  Number 


Cross  Section 


Surface* 


Top 


Bot- 
tom 


Remarks 


B34  Bars 


11 

204 

217 

212 

216 

223 

260 

228 

11 

240 

252 

218 

254 

258 

235 

241 

11 

218 

228 

217 

223 

227 

235 

194 

11 

247 

254 

242 

254 

252 

244 

230 

11 

251 

255 

254 

262 

256 

188 

177 

11 
1] 

259 

211 

241 

251 

227 

268 

261 

207 

6 

207 

223 

188 

186 

181 

225 

205 

6 

211 

212 

235 

216 

216 

235 

217 

6 

224 

230 

183 

214 

203 

240 

222 

AREA  Bars 


11 

229 

239 

228 

240 

231 

235 

223 

6 

200 

205 

188 

172 

174 

205 

174 

6 

228 

236 

227 

211 

209 

217 

232 

6 

240 

241 

259 

247 

244 

256 

292 

6 

228 

237 

223 

245 

240 

239 

261 

Failed 
Failed 
Failed 
Failed 
No  failure 
3^  in.  surface 

removed 
No  failure 
Failed 
Failed 
Failed 


No  failure 
Failed 
Failed 
No  failure 
No  failure 


J 16  Headfree  Bars 


34N 
34N 

2 

11 
6 
6 
6 
6 
6 
6 

11 
6 

136 
155 
199 

159 
170 
203 

142 
132 
183 

138 
162 
183 

139 
156 
189 

154 

149 

Failed 
Failed 

34S 
35N 

235 
229 
221 
221 
175 
194 

203 
240 
240 
229 
154 
225 

Failed 
No  failure 

35S 
36S 

37N 
38S 
38S 

221 
236 
147 
168 
159 
207 

213 
228 
161 
183 
186 
217 

210 
232 
135 
166 
156 
208 

229 

247 
144 
208 
199 
235 

229 
229 
145 
209 
197 
229 

No  failure 

Failed 

Failed 

Failed 

Failed 

39N 

203 

248 

Failed 

*  Distance  from  cross  section  to  end  of  bar,  inches. 
**  Readings  taken  6  in.  from  end  of  bar.    Approximately  ^  in.  of  surface  scale 
removed. 

Locations  of  all  readings  are  shown  on  Fig.  IB. 

joint  using  15,000  or  35,000  lb.  bolt  tension.  Fractures  of  four  B34  bars,  two  cocked 
and  two  not  cocked,  are  shown  in  Fig.  3.  The  fatigue  cracks  on  bars  A  and  C,  starting 
on  the  lower  fishing  surface,  progressed  upward  to  the  bolt  holes. 

Effect  of  Design— Headfree  (J16)  Bars 

From  the  results  of  tests  on  headfree  bars  shown  in  Fig.  2B,  it  is  indicated  that 
the  cycles  to  cause  failure  are  materially  reduced  by  high,  35,000  lb.,  bolt  tension.  It  is 
probable  that  the  great  variation  in  cycles  for  failure  of  the  duplicate  tests,  namely 
105,800  and  660,600  cycles  (Joints  34  and  36)  is  due  to  the  difference  in  strength  of  the 
bars  as  reflected  by  the  differences  in  Brinell  hardness.  Fatigue  cracks  causing  failure  of 
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TOP    READING 


BOTTOM  READING 


Fig.  IB. — Location  of  Brinell 
Hardness  Readings. 


all  headfree  bars  were  on  the  upper  surfaces  at  the  rail  ends.  See  Fig.  4  for  fractures  of 
headfree  bars.  Several  "soft"  bars  were  found  in  the  lot  received  for  testing.  See  Table  2. 
In  each  test  it  was  the  "soft"  bar  which  failed.  Tests  of  headfree  joints  are  to  be  run  at 
39,000-lb.  wheel  load  with  35,000  lb.  bolt  tension  and  at  50,000-lb.  wheel  load  with 
15,000  lb.  bolt  tension  to  complete  the  fatigue  strength  curve. 

No  tests  have  been  made  with  either  bar  relief  or  rail  end  relief  on  the  B34  bars. 

Effect  of  Bolt  Tension  on  Rail  End  Breakage  (Bolt  Hole  Failure) 

Joints  9,  21  (cocked),  22  and  40  were  run  with  5,000  lb.  bolt  tensions.  On  Joint  9 
(AREA  bars)  a  rail  web  failure  through  the  No.  3  bolt  hole  occurred,  and  the  No.  3 
bolt  broke,  at  862,000  cycles.  The  rail  and  bolt  were  replaced  and  the  test  was  discon- 
tinued at  1,702,400  cycles,  with  no  failure  of  the  bars.  No  bolts  were  broken  on  Joint  21 
(B34  bars)  which  ran  2,000,000  cycles  with  no  failure  of  bars  or  rails. 

On  Joint  22  (B34  bars)  the  bolts  at  positions  3  and  4  failed  at  1,278,000  cycles 
and  again  at  1,921,000  cycles.  The  test  was  discontinued  at  1,921,000  cycles  with  no 
failure  of  the  bars  or  rails.  A  lap,  or  seam,  l/%  in.  deep  was  found  at  the  No.  3  hole  of 
the  north  bar.  No  fatigue  cracks  were  found  at  the  holes  of  the  bars.  The  south  bar, 
Joint  40  (B34  bars)  failed  from  a  fatigue  crack  at  the  top  surface  at  1,529,600  cycles, 
Fig.  3B.  Upon  disassembly  of  the  joint  the  bolts  at  positions  3  and  4  were  found  to  be 
broken  at  mid-length.  Both  bolts  had  been  gouged  rather  heavily  by  the  rail  bolt  holes. 

After  completion  of  the  tests  on  all  four  of  the  above  joints  there  was  evidence  of 
heavy  bearing  at  the  bolt  holes  on  the  bars  and  on  the  rails.  However,  no  fatigue  cracks 
were  found  at  the  bolt  holes  on  the  bars  or  on  the  rails. 
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Fig.  3.— Fractures  of  B34  Bars,  Wheel  Load  44,400  Lb. 

A.  Bar  19-N.  35,000  lb.  bolt  tension.  541,000  cycles. 

B.  Bar  40-S.    5,000  lb.   bolt  tension.  1,529,600  cycles. 

C    Bar  29-S.    15,000  lb.  bolt  tension.  379,600  cycles  (cocked  bars). 
D  Bar  31-N.  35,000  lb.  bolt  tension.  590,600  cycles  (cocked  bars). 
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Fig.  4. — Fractures  of  Headiree  (J  10)  Bars. 

A.  Bar  34-N.  55,500  lb.  wheel  load,   15,000  lb.  bolt  tension.  105,800  cycles. 

B.  Bar  36-S.    55,500  lb.  wheel  load,   15,000  lb.  bolt  tension.  660,600  cycles. 

C.  Bar  58-S.    44,400  lb.  wheel  load,  35,000  lb.  bolt  tension.  290,700  cycles. 

D.  Bar  39-N.  55,500  lb.  wheel  load,  35,000  lb.  bolt  tension.  144,600  cycles. 


Rail 
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Fig.  5.— Fractures  of  AREA  Bars,  15,000-Lb.  Bolt  Tensions. 

A.  Bar  30-N.  55,000  lb.  wheel  load,  727,400  cycles. 

B.  Bar  32-N.  44,400  lb.  wheel  load,  892,800  cycles. 
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Fatigue  Strength  of  AREA  Bars  (15,000  lb.  Bolt  Tension) 

The  results  of  tests  on  the  AREA  bars  are  shown  in  Fig.  2C.  The  endurance  limit 
of  the  bars  appears  to  be  above  a  wheel  load  of  39,000  lb.  Several  more  tests  are  neces- 
sary to  complete  the  endurance  limit  curve.  One  test  joint,  No.  9,  (A.T.  &  S.F.  bars) 
indicates  a  greater  fatigue  strength  at  a  5,000  lb.  bolt  tension.  All  AREA  bars,  except 
Joint  9,  were  received  from  the  C.  &  N.  W.  Ry. 

Photos  of  fractures  of  two  AREA  bars  are  shown  in  Fig.  5.  On  both  bars  a  fatigue 
crack  starting  on  the  lower  fishing  surface  progressed  upward  to  a  bolt  hole. 

General  Observation 

It  was  observed  that  top  surface  cracks  were  detected  on  the  B34  bars  at  approxi- 
mately 100,000  cycles.  Top  surface  cracks  were  detected  on  the  AREA  bars  of  the  4 
joints  tested  as  early  as  108,400  cycles.  From  two  to  five  top  surface  cracks  were 
detected  on  all  headfree  (J16)  bars  after  disassembly.  All  headfree  bars  were  gouged  on 
the  top  surfaces  at  the  rail  ends  and  either  failed  at  this  location  or  showed  cracks  after 
disassembly. 


Report  on  Assignment   10 

Development  and  Characteristics  of   Fractures  Under 
Engine  Burns  in  Rail 

Together  with  Investigation  as  to  the  Effectiveness  of  Welding  up 
Engine  Burns  by  Oxy-acetylene  or  Electric  Methods 

J.  B.  Akers  (chairman,  subcommittee),  W.  T.  Alexander,  J.  E.  Armstrong,  W.  C.  Barnes, 

F.  W.  Biltz,  C.  H.  Blackman,  N.  J.  Boughton,  C.  B.  Bronson,  H.  A.  Cassil,  E.  E. 
Chapman,  C.  M.  Chumley,  H.  R.  Clarke,  C.  J.  Code,  J.  M.  Farrin,  F.  W.  Gardiner, 

G.  W.  Harris,  B.  Herman,  W.  H.  Hillis,  Maro  Johnson,  F.  R.  Layng,  G  M.  Magee, 
E.  E.  Oviatt,  W.  H.  Penfield,  Philip  Petri,  B.  H.  Prater,  R.  T.  Scholes,  F.  S.  Schwinn, 
W.  P.  Wiltsee,  R.  P.  Winton,  Louis  Yager. 

The  report  is  presented  as  information. 

When  the  report  on  Assignment  10  was  made  last  year,  it  was  said  that  "statistics 
are  being  gathered  to  show  the  prevalence  of  rail  removed  on  account  of  the  presence 
of  engine-burned  fractures  whether  service  or  detected  failures".  Members  were  requested 
to  keep  a  record  of  such  failures  and  give  the  committee  the  result.  No  information  has 
been  received  in  answer  to  this  request,  but  it  is  hoped  that  the  railroads  will  keep  the 
record  and  make  it  available. 

Considerable  study  has  been  made  of  the  characteristics  and  growth  of  these  frac- 
tures and  it  is  believed  that  their  formation  and  methods  of  growth  are  understood. 
Neither  the  engine  burns  nor  the  fractures  have  any  relation  to  quality  of  rail  steel. 
It  is  well  known  that  engine  burns  are  the  result  of  the  spinning  of  locomotive  drivers 
during  which  time  excessive  heat  is  created,  and  the  rail  steel  is  reduced  locally  to  a 
molten  condition.  Due  to  rapid  cooling  the  steel  in  this  local  area  becomes  very  hard 
and  the  heat  effect  on  the  metal  is  easily  observed  when  the  rail  is  polished  and  etched. 
The  fracture  which  occurs  in  some  cases,  but  not  in  all,  starts  immediately  under  the 
engine  burn  and  progresses  downward. 
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The  committee  made  some  drop  tests  on  rails  with  and  without  engine  burns  and 
it  was  concluded  that  further  tests  should  be  made  through  the  use  of  a  rolling-load 
machine. 

Through  the  kindness  of  two  of  the  committee  members  a  rolling-load  machine  has 
been  installed  at  Alexandria,  Va.,  but  difficulty  has  been  encountered  in  obtaining  mate- 
rial for  certain  needed  repairs.  It  now  appears  that  these  parts  can  be  procured  and  at 
the  time  of  writing  this  report,  it  appeared  possible  to  start  the  rolling-load  tests  by  the 
first  of  January  1943.  Your  committee  would  like  to  obtain  access  to  another  rolling- 
load  machine  with  the  object  of  making  more  rapid  progress  in  the  testing,  with  the 
hope  that  the  assignment  can  be  completed  during  1943. 


Report  on  Assignment  11 

Investigate  Causes  of  Shelly  Spots  and  Head  Checks  in  Rail 

Surfaces  for  the  Purpose  of  Developing  Measures 

for  Their  Prevention 

F.  S.  Hewes  (chairman,  subcommittee),  S.  E.  Armstrong,  W.  C.  Barnes,  W.  H.  Bettis, 
C.  H.  Blackman,  C.  B.  Bronson,  E.  E.  Chapman,  C.  J.  Code,  P.  O.  Ferris,  C.  J. 
Geyer,  J.  L.  Gressitt,  B.  Herman,  Maro  Johnson,  W.  H.  Kirkbride,  B.  R.  Kulp, 
F.  R.  Layng,  G.  M.  Magee,  Ray  McBrian,  J.  C.  Patterson,  W.  H.  Penfield,  Philip 
Petri,  B.  H.  Prater,  R.  T.  Scholes,  Barton  Wheelwright,  W.  P.  Wiltsee,  Louis  Yager. 

This  report  is  offered  as  information  with  the  recommendation  that  the  subject  be 
continued. 

This  subcommittee  began  its  investigation  in  February  1942,  with  a  field  inspection 
on  two  heavy  coal  carrying  railroads  where  the  rail  conditions  are  unusually  severe. 
Fig.  1  shows  a  shelly  spot  in  a  rail  that  had  been  removed  from  main  track  on  one  of 
these  roads  and  relaid  in  a  yard  track.  This  road  reported  removing  7,000  tons  of  rail 
from  main  track  for  this  cause  in  1941  alone. 

During  1941,  a  considerable  number  of  failed  rails  had  been  sent  by  various  rail- 
roads to  Professor  Moore's  organization  at  the  University  of  Illinois  for  an  examination 
of  failures.  Professor  R.  E.  Cramer  discussed  failures  of  this  type  in  a  report  appearing 
in  the  Proceedings,  Vol.  43,  page  625,  first  paragraph. 

Your  committee  has  taken  up  its  assignment  under  the  three  topical  headings: 
Shelling,  head  checks  and  flaking,  rating  them  as  to  relative  importance  in  the  order 
named.  Flaking  is  not  as  serious  as  shelling  or  head  checking  as  a  cause  of  failures  in 
rails.  Pictures  of  these  defects  are  shown  in  Appendix  A  of  this  report. 

Shelly  spots  are  located  in  general  on  the  top  gage  corner  of  high  rails  of  curves, 
but  sometimes  appear  on  tangents.  The  defects  consist  of  individual  pieces  of  broken  out 
metal  from  about  1  to  6  in.  long,  J4  to  V/2  in.  wide  and  from  %  to  l/>  in.  deep.  They 
first  appear  as  dark  spots  on  the  running  surface  indicating  a  separation  in  the  metal  a 
slight  distance  underneath  the  surface.  The  plane  of  separation  is  regular  or  irregular, 
extending  in  some  cases  as  much  as  %  in.  below  the  upper  corner  on  the  gage  side  of 
the  head  and  to  the  running  surface  of  the  rail  at  a  point  a  maximum  distance  of  V/2  in. 
from  the  corner.  Some  rails  may  have  only  one  or  two  spots,  adjacent  rails  may  be 
affected  almost  throughout  their  entire  length  and  still  other  rails  in  the  immediate 
vicinity  may  be  completely  free  of  shelly  spots  or  these  black  spots.  Rails  with  shelly 
spots  may  break  in  service  due  to  detail  fractures  having  their  origin  in  the  shelly  area. 
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Fig.  1. — Shelly  Spot,  Rail  Relaid  in  a  Yard  Track. 


Your  subcommittee  decided  early  in  its  study  that  it  could  not  hope  to  investigate 
this  subject  successfully  solely  through  the  efforts  of  its  own  members,  and  has  therefore 
divided  the  work  into  three  groups  as  follows: 

1.  Study  to  be  handled  directly  by  the  subcommittee: 

(a)  Mill  chemistry  record  of  heats  exhibiting  these  defects. 

(b)  Tabulation  of  curvature,  elevations,  speeds  and  grades  for  curves  showing  these 
defects. 

(c)  Effect' of  rail  lubricators. 

(d)  Transposing  rails. 

(e)  Slow  cold  rolling. 

(f)  Field  tests  of  special  rails. 

(g)  Experience  of  many  roads  having  these  defects. 

2.  Study  to  be  handled  by  the  Engineering  Division  research  staff: 

(a)  Radius  of  gage  corners  of  rail. 

(b)  Tread  of  wheels,  radius  between  flange  and  tread  of  wheels. 

(c)  Relationship  between  wear  of  rail  and  wheel. 

(d)  Bearing  pressure  of  wheel  on  rail. 

(e)  Cant  of  rail. 

(f)  Superelevation  of  rail  on  curves. 

3.  Study  to  be  handled  by  University  of  Illinois  staff: 

(a)  Examination  of  service  rail  failures  caused  by  these  defects. 

(b)  Rolling-load  tests  to  produce  these  defects  under  laboratory  conditions. 
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(c)  Resistance  of  rail  steel  of  various  compositions  to  the  development  of  these 
defects  under  laboratory  conditions. 

(d)  Resistance  of  different  heat  treatments  of  rails  to  the  development  of  these 
defects  under  laboratory  conditions. 

This  program  may  be  varied  from  time  to  time  as  circumstances  may  require.  All 
three  of  the  groups  have  been  actively  engaged  in  their  assignments  during  1942  and 
expect  to  continue  during  1943.  Funds  have  been  provided  by  the  AAR  for  work  to  be 
done  by  Groups  2  and  3  throughout  1943. 

The  study  has  not  advanced  far  enough  to  warrant  any  conclusions  at  this  time, 
but  the  following  comments  are  offered  relative  to  certain  of  the  above  items. 

Group  1 

Item  (a). — Considerable  study  has  been  made  and  it  is  likely  that  within  the  chem- 
istry range  of  standard  rail  specifications,  little  difference  will  be  found  in  the 
occurrence  of  these  defects. 
Item  (b). — Data  not  yet  available. 
Item  (e). — Probably  slow  cold  rolling  of  rails  in  favorable  locations  and  placing  in 

severe  locations  will  not  be  justified. 
Item  (f). — Held  in  abeyance  until  Group  3  can  recommend  what  seems  most  likely 

to  succeed. 
Item   (g). — Experience  so  far  confined  almost  entirely  to, 
Norfolk  &  Western 
Chesapeake  &  Ohio 
Pennsylvania 
Chicago,  Milwaukee,  St.  Paul  &  Pacific 

Group  2 

As  a  preliminary  to  the  assignment,  in  June  1942,  some  40  rail  contours  were  taken 
by  the  research  staff  on  the  Santa  Fe  main  line  tracks  in  Illinois  to  study  the  progressive 
change  in  shape  of  the  top  of  rail  as  it  is  affected  by  traffic  wear.  These  contours  were 
made  on  tangent  track  and  curves  of  1  and  2  deg.  with  a  rail  contour  machine.  The  rail 
sections  contoured  were  11,025  laid  in  1927  and  1932,  11,225  laid  in  1934  and  1936,  and 
11,228  laid  in  1937. 

In  studying  the  actual  rail  contours  it  was  found  that  the  worn  contour  was  prac- 
tically the  same  irrespective  of  the  rail  section  or  of  the  period  it  had  been  in  track. 
It  was  also  found  that  a  combination  of  compounded  curves  of  three  different  radii,  as 
indicated  in  Fig.  2,  conformed  well  to  this  worn  contour.  This  combination  is  similar  in 
plan  to  that  used  in  laying  out  the  present  112-lb.  R.E.  rail  section,  except  there  are 
differences  in  the  length  of  the  radii  and  of  the  length  of  their  respective  arcs  as  indi- 
cated in  the  following  comparison: 

New  Average 

112-RE  Worn 

11228  Contour 

Inches  Inches 

Radius  A 14  10 

Area   1.60  1.5 

Radius  B   1.0  1.67 

Arc  b   0.28  0.45 

Radius  C   0.375  0.375 
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The  radius  A  of  10  in.  that  fits  the  central  part  of  the  worn  heads  was  quite  definite 
as  to  length  and  as  to  the  position  of  the  center  O.  The  difference  in  the  top  surface  ©f 
the  rail  head  laid  out  in  accordance  with  the  above  two  sets  of  figures  is,  however,  small 
and  does  not  exceed  3*2  in.  at  any  point  in  the  contour. 


C     Gage 


Fig.  2. — Diagram 

of  Rail  Head 

Contours. 


It  was  found  that  the  distance  Z  between  the  center  points  of  the  10-in.  radii  for 
the  two  opposite  rails  averaged  59.75  in.  and  varied  little  from  this  irrespective  of  rail 
gage  and  cant.  The  distance  between  the  center  line  of  the  rail  head  for  the  112-lb. 
section  placed  to  standard  gage  is  59.19  in.  The  remainder,  or  0.56  in.,  if  divided  equally 
between  the  two  rails,  places  the  center  point  0,  0.28  in.  outside  of  a  vertical  line  through 
the  center  line  of  the  rail  head.  Therefore  the  rail  if  canted  0.28  in  10,  or  1:36  would 
have  its  center  line  through  the  center  point  0.  This  appears  of  interest  in  indicating 
that  the  proper  rail  cant  should  approximate  1:40  to  secure  uniform  head  wear  on  tan- 
gents and  light  curves.  Thus  it  would  seem  that  if  the  rail  cant  is  greater  than  1:40  or 
the  gage  is  more  than  4  ft.  8%  in.,  wear  will  initially  occur  on  the  outer  part  of  the  top 
of  rail  head;  if  the  rail  cant  is  less  than  1:40  or  the  gage  is  less  than  4  ft.  8J/2  in.,  wear 
will  initially  occur  on  the  top  of  rail  head  near  the  gage  side. 

These  studies  should  be  extended  to  contours  of  worn  rail  taken  on  other  railways 
before  definite  conclusions  can  be  made. 

In  October  1942,  the  research  staff  measured  rail  contours  and  coal  car  wheel  con- 
tours on  the  Norfolk  &  Western  and  the  Chesapeake  &  Ohio.  The  contours  of  some  80 
worn  rails  in  track  were  measured  in  the  vicinities  where  shelly,  head  checking  and  flak- 
ing spots  have  occurred,  and  were  taken  on  tangents,  light  curves,  moderate  curves,  and 
curves  up  to  12  deg.  The  contours  of  some  200  car  wheels  of  70-ton  and  50-ton  coal 
cars  that  regularly  run  over  these  tracks  were  made.  A  straight  edge  was  placed  on  the 
heads  of  the  two  rails  of  the  traGk  in  such  a  manner  that  a  straight  line  was  drawn  on 
each  rail  contour  card  so  that  the  rail  contour  drawn  could  be  oriented  with  respect  to 
the  cross  level  of  the  track.  Similarly,  a  straight  edge  was  placed  on  the  flanges  of  the 
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two  wheels  of  an  axle  in  such  a  manner  that  a  straight  line  was  drawn  on  each  wheel 
contour  card.  As  this  line  on  the  wheel  contour  card  is  parallel  to  the  center  line  of  the 
axle,  the  wheel  profiles  can  be  superimposed  and  oriented  on  the  rail  profile  cards  to 
study  the  bearing  conditions  of  the  worn  wheels  on  the  worn  rails.  It  will  take  some 
time  to  complete  the  analysis  of  these  contours. 

The  investigation  thus  far  covers  only  Items   (a),   (b),  (c)   and   (e)   of  the  assign- 
ment, but  some  data  have  been  collected  for  Items  (d)  and  (f). 

Group  3 

This  portion  of  the  assignment  is  covered  by  a  report  prepared  by  Professor  Cramer, 
which  follows  as  Appendix  A. 


Appendix  A 

Shelly  Rail  Studies  at  University  of  Illinois 

By  R.  E.  Cramer* 

Preliminary  Organization  and  Studies 

Some  information  on  shelly  rails  was  included  in  the  Eighth  Progress  Report  of  the 
Joint  Investigation  of  Fissures  in  Railroad  Rails,  Proceedings,  Vol.  43,  page  625.  Since 
that  report  was  written,  a  new  subcommittee,  No.  11,  with  F.  S.  Hewes  of  the  Atchison, 
Topeka  &  Santa  Fe  as  chairman,  was  appointed  to  study  this  problem.  Mr.  Hewes  has 
reported  that  one  railroad  alone  removed  7,000  tons  of  rail  from  track  in  1941  because 
of  shelly  rails.  Inspection  trips  have  been  made  with  the  members  of  the  subcommittee 
to  study  this  condition  on  two  different  railroads.  It  was  found  that  two  distinct  types 
of  damage  are  occurring  near  the  gage  corner  of  rails,  one  of  which  may  lead  to  detail 
fracture  failures.' 

The  more  serious  type  of  damage  is  "shelling"  which  is  shown  in  its  advanced  stage 
in  Fig.  1.  This  condition  is  the  result  of  internal  cracks  starting  about  y2  in.  from  the 
gage  side  of  the  head  and  about  %  to  Y%  in.  below  the  tread  and  spreading  to  the  side 
of  the  rail  head,  often  on  two  or  more  levels,  so  that  a  wedge-shaped  piece  of  the  metal 
breaks  out  of  the  rail  head.  The  type  of  detail  fracture  which  often  develops  from 
shelly  spots  is  shown  in  Fig.  2.  This  type  of  fracture  is  frequently  reported  as  a  trans- 
verse fissure  or  a  compound  fissure.  These  detail  fractures  develop  transversely  from  the 
original  horizontal  shelling  crack.  Fig.  3  shows  a  cross  section  of  the  gage  corner  of  a 
rail  head  at  8  X  magnification.  This  rail  is  developing  shelling  but  the  fatigue  cracks 
have  not  reached  the  side  of  the  rail  head. 

Fig.  3  also  shows  some  smaller  cracks  nearer  the  tread  of  the  rail  which  are  of  a 
different  nature  and  have  been  labeled  "flaking  cracks."  Fig.  4  shows  this  flaking  on  the 
tread  of  a  rail.  This  gage  corner  flaking  is  usually  not  serious  and  does  not  often  develop 
into  a  rail  failure;  however,  service  conditions  which  develop  flaking  may  also  cause 
shelling  cracks  at  a  lower  level  in  the  same  rail. 

Another  type  of  rail  defect  which  is  to  be  studied  by  Mr.  Hewes'  subcommittee  11 
has  been  designated  as  a  "head  check."  Fig.  5  shows  head  checks  in  their  early  stages 
of  development.  The  checks  or  cracks  in  this  rail  have  been  widened  somewhat  by  hot 
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Fig.  1. — Advanced  Stage  of  Rail  Shelling. 
Rail  as  received  from  service. 


Fig.  2. — Detail  Fracture  Developed  from  Shelling  Crack. 
Rail  as  received  from  service. 


acid  in  order  to  obtain  a  good  photograph.  It  is  interesting  to  note  that  the  head  checks 
developed  closer  together  in  the  end-hardened  portion  of  this  rail  (the  left  two  in.)  than 
in  t"he  remainder  of  the  rail. 

Mr.  Hewes'  subcommittee  has  assigned  the  following  work  to  be  carried  out  at  the 
Talbot  Laboratory,  University  of  Illinois. 


Rail 
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Fig.  3. — Cross  Section  of  Shelly  Rail. 

7    X    Magnification.  Light  Etch. 
Shows  shelling  cracks  which  have  not  reached  the  side  of  the  rail  head.  Also  shows  flaking  cracks 
near  the  rail  tread.  Rail  received  from  service. 


Fig.  4. — Flaking  as  It  Appears  on  the  Rail  Tread. 

As  received   from  service. 


(a)  Examination  of  rail  failures  caused  by  shelling. 

(b)  Rolling-load  tests  to  produce  shelling  under  laboratory  conditions. 

(c)  Study  the  resistance  of  different  rail  steel  compositions  to  the  development  of 
shelling  by  laboratory  rolling-load  tests. 

(d)  Study  the  effects  of  different  heat  treatments  of  rails  on  the  development  of 
shelling  by  laboratory  rolling-load  tests. 
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Fig.  5.— Head  Checks  on  the  Gage  Corner  of  a  Rail  from  Track. 

The  left  two  inches  of  the  rail  are  end-harrlened.  Note  that  the  head  checks  are  more  numerous  in 
the  hardened  zone  than  in  the  remainder  of  the  rail.  Specimen  etched  in  acid  to  widen  cracks  for 
photograph. 


Laboratory  Studies  of  Failed  Shelly  Rails 

Numerous  rails  which  have  developed  shelling  in  service  have  been  examined.  The 
conclusions  which  can  be  drawn  to  date  are  the  same  as  stated  in  the  eighth  progress 
report,  that  is:  Shelling  seems  to  be  the  result  of  cold  working  of  the  rail  steel  by  "line 
contact"  with  the  car  wheels  near  the  gage  corner  of  the  rail  until  the  ductility  of  the 
steel  is  exhausted  and  interior  horizontal  cracks  are  formed.  Shelling  often  develops  in 
sound  rails;  however,  the  presence  of  small  imperfections  in  the  steel  such  as  non- 
metallic  inclusions,  segregation  streaks  or  small  blow  holes,  will  accelerate  the  formation 
of  shelling  cracks.  This  is  evident  from  the  fact  that  in  certain  stretches  of  curved  track 
every  rail  developed  shelling  at  approximately  the  same  time.  However,  in  another  stretch 
in  track  one  control-cooled  rail  was  found  which  developed  shelling  after  only  one  year 
in  service,  while  none  of  the  adjacent  rails  had  started  to  shell.  This  rail  was  sent  to  the 
laboratory  for  examination.  There  were  two  distinct  dark  spots  visible  near  the  gage 
corner  of  the  rail  about  4  ft.  apart.  Fig.  6  shows  one  of  these  dark  spots  with  a  lip  of 
flowed  metal  on  the  gage  side  of  the  rail.  Fig.  7  shows  a  cross  section  at  one  of  the 
dark  spots  etched  in  SO  percent  hydrochloric  acid.  Fig.  8  is  the  other  dark  spot  opened 
up  with  the  top  piece  turned  over  at  the  gage  side  of  the  rail.  Close  examination  of  the 
fatigued  area  indicates  that  the  crack  started  along  a  streak  about  x/\  in.  from  the  gage 
corner  of  the  rail  and  spread  both  toward  the  gage  side  and  toward  the  center  of  the 
rail  from  this  streak.  A  very  thorough  search  with  the  microscope  was  made  of  the 
metal  along  the  streak  in  one  shelly  spot  and  a  few  small  blow  holes  or  gas  pockets 
were  located,  as  shown  in  Fig.  9.  It  is  thought  these  small  holes  were  the  cause  of  this 
rail  developing  shelly  spots  after  only  one  year  in  service  while  none  of  the  other  rails 
in  the  same  curve  showed  signs  of  shelly  condition.  However,  it  should  not  be  concluded 
that  the  presence  of  unusual  imperfections  in  the  steel  is  a  necessary  prerequisite  for  the 
shelling  of  rails,  as  nearly  all  the  rails  of  some  curves  develop  shelling  at  about  the  same 
time. 
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Fig.  6. — A  Dark  Spot  on  the  Rail  Tread  Near  the  Gage  Corner  of  the  Rail  and  a 
Lip  of  Flowed  Metal  on  the  Gage  Side  of  the  Rail. 


Fig.  7.— Cross  Section  of  Rail  Through  Dark  Spot. 

Light  etch  in   50  percent  HC1. 
Note  there  are  no  pronounced  segregation  streaks  in  this  rail. 
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Fig.  8.— View  of  the  Shelly  Spot  Shown  in 
Fig  6  Opened  Up. 

The  metal  above  the  shelling  crack  has  been  laid  along  the  gage 
side  of  the  rail.  The  crack  appears  to  have  started  along  the  straight 
streak  J4  in.  from  the  gage  side  of  the  rail.  The  curved  line  near 
the  streak  is  rust  which  was  in  a  crack  in  the  top  metal. 


Laboratory  Tests  to  Produce  Shelling 

At  a  meeting  of  the  Contact  Committee  of  the  Rails  Investigation,  E.  F.  Kenney, 
metallurgical  engineer  of  the  Bethlehem  Steel  Company,  expressed  the  opinion  that 
only  a  higher  strength  rail  steel  will  stand  up  on  curves  under  present  traffic  con- 
ditions. Laboratory  tests  which  have  been  planned  and  started  will,  it  is  hoped,  throw 
light  on  this  matter. 

To  compare  the  flow  of  various  rail  steels  under  laboratory  controlled  conditions, 
preliminary  tests  with  two  rolling-load  machines  with  a  seven-inch  stroke  have  been  run 
on  the  following  rails: 

Four  plain  carbon  rails,  two  of  these  having  0.29  percent  silicon  and  two,  0.17 

percent  silicon  content. 

One  3  percent  chromium  rail. 

Two  control-cooled  intermediate  manganese  rails. 

One  carbon  steel  rail  heat  treated  to  368  Brinell. 
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Fig.  9. — -Cross  Section  of  a  Shelling  Crack  Containing  Blow  Holes. 

200   X    Magnification.  Not  Etched. 
The  dark  spots  are  holes  and  the  gray  material  in  the  cracks  is  iron  oxide. 


The  specimens  used  were  15  in.  long  with  a  7-in.  wheel  path  at  midlength.  The 
heads  of  all  rail  specimens  for  these  tests  were  machined  as  shown  in  the  sketch  of 
Fig.  10,  so  that  only  one  inch  of  the  width  of  the  rail  head  remains  for  contact  with 
the  wheel.  This  machining  of  the  rail  head  also  removes  the  supporting  metal  at  the 
sides  of  the  wheel  path  and  allows  the  steel  to  flow  sideways  under  the  wheel.  It  had 
been  found  during  rolling-load  tests  of  end-hardened  rails  during  the  past  several  years 
that  it  is  necessary  to  have  a  uniform  bearing  surface  and  small  enough  surface  area  to 
give  concentrated  load  in  order  to  obtain  comparative  results  on  specimens  of  different 
hardness.  Fig.  10  shows  the  longitudinal  contours  of  the  wheel  paths  after  2,000,000 
cycles  of  50,000-lb.  wheel  load.  Fig.  11  shows  cross  sections  of  four  of  the  rails  at  the 
place  of  maximum  flow.  As  shown  in  Fig.  11  (b),  (c)  and  (d),  several  of  the  rails 
developed  shelling  cracks  which  affected  the  flow. 

Study  of  Different  Rail  Steel  Compositions 

The  next  to  the  top  contour  curve  shown  in  Fig.  10  for  the  3  percent  chromium 
rail  with  a  Brinell'  hardness  of  400  shows  only  0.01  in.  depression  along  the  7-in.  wheel 
path.  The  cross  section  of  this  rail  shown  in  Fig.  11  (a)  shows  some  side  flow,  but  only 
very  close  to  the  tread.  This  rail  did  not  develop  any  kind  of  cracks  during  the  rolling- 
load  test.  The  Brinell  hardness  of  the  wheel  path  after  rolling  was  415,  an  increase  of 
15  Brinell  hardness  numbers. 
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LENGTH  OF   WHEEL   PATH  -  INCHES. 

Fig.  10. — Rolling  Load  Tests  of  Rails  to  Develop  Flow. 
Wheel  load  50,000  lb.  No.  of  cycles  2,000,000.  August  1942. 


The  third  from  the  top  contour  curve  of  Fig.  10  is  for  one  intermediate  manganese 
rail  which  had  a  Brinell  hardness  of  280.  This  rail  developed  true  shelling  at  the  5  and 
6-in.  points  along  the  wheel  path,  which  accounts  for  the  low  dip  of  the  contour  curve 
at  these  points.  At  the  other  end  of  the  wheel  path  it  shows  0.012  in.  depression.  The 
shelling  cracks  are  evident  in  Fig.  11  (b).  The  Brinell  hardness  of  the  wheel  path  after 
rolling  was  290,  an  increase  of  10  Brinell  hardness  numbers. 


Study  of  Heat-Treated  Rail  Steel 

The  top  contour  curve  of  Fig.  10  for  the  carbon  rail,  heat  treated  to  368  Brinell 
hardness,  shows  very  little  flow  or  wear  as  compared  with  the  carbon  steel  rails  which 
were  not  heat  treated.  This  rail  developed  a  small  shelling  crack.  This  rolled  metal  had 
a  Brinell  hardness  of  372  after  the  tests  or  an  increase  of  only  4  Brinell  numbers. 

The  0.78  percent  carbon  steel  rails  with  low  and  high  silicon  content,  with  an 
average  Brinell  hardness  of  271,  all  flowed  considerably  more  than  the  other  rails  as 
shown  by  the  four  lower  contour  curves  of  Fig.  10.  Cross  sections  of  two  of  these  rails 
are  shown  in  Figs.  11  (c)  and  11  (d),  which  show  the  flow  of  these  rails  and  the  type 
of  shelling  cracks  which  developed  in  the  carbon  steel  specimens.  The  average  Brinell 
hardness  of  the  wheel  path  of  these  rails  after  rolling  was  312,  an  average  increase  of 
41  Brinell  hardness  numbers. 

Another  laboratory  method  which  has  been  used  successfully  to  develop  shelling 
cracks  is  illustrated  by  Fig.  12.  A  full-section  rail  specimen  was  rolled  in  the  rolling-load 
machine  at  three  different  cants  and  vertically  under  the  wheel.  The  cant  of  the  rail  was 
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Fig.  11.- 


-Cross  Section  of  Flow  Test  Specimens  After  Rolling  2,000,000  Cycles  at 
50,000-lb.  Wheel  Load. 


(a)  3  percent  chromium  rail.  Brinell  hardness  400. 

(b)  Control-cooled  intermediate  manganese  rail.  Brinell  hardness  280. 
(Note  that  this  specimen  developed  true  shelling  cracks.) 

(c)  0.78  percent  carbon,  0.17  percent  silicon  rail.  Brinell  hardness  271. 

(d)  0.78  percent  carbon,  0.29  percent  silicon  rail.  Brinell  hardness  274. 
(Note  cracks  in  both  carbon  steel  rails.) 


changed  about  every  200,000  cycles.  A  shelling  crack  developed  on  the  side  of  the  rail 
head  at  A]/2  million  cycles  and  true  shelling  had  developed  at  5J4  million  cycles  as  shown 
in  Fig.  13.  This  method  of  testing  appears  to  be  somewhat  similar  to  track  conditions 
but  the  first  test  required  about  three  months  to  complete.  A  second  test  has  been  started 
in  which  only  two  cants  are  being  used  namely,  1:5  and  1:10.  It  is  hoped  that  results 
may  be  obtained  faster  by  this  method  of  testing. 

One  of  the  rolling-load  machines  has  been  altered  to  use  with  a  standard  flanged 
car  wheel  with  a  spring  arrangement  to  press  the  rail  against  the  wheel  flange  at  pres- 
sures up  to  10,000  lb.  This  machine  has  not  been  in  use  long  enough  to  determine  the 
kind  of  failure  it  will  produce.  It  soon  wears  the  gage  corner  of  the  rail  to  the  same 
radius  as  that  of  the  wheel. 

Arrangements  are  being  made  to  obtain  high  carbon  and  extra  high  silicon  rails 
for  comparative  tests  by  whichever  rolling  method  proves  the  best.  Many  more  tests  of 
heat-treated  and  alloy  steel  rails  must  be  made  before  conclusions  can  safely  be  drawn. 
At  present  judging  from  the  flow  tests  of  one  single  specimen  of  3  percent  chromium 
steel  rail  and  one  test  of  a  heat-treated  carbon  steel  rail,  there  seems  to  be  some  promise 
of  finding  a  rail  steel  much  more  resistant  to  shelling  than  the  present  carbon  steel  rails. 


n!0 


Rail 


Fig.  12. — Position  of  Rails  When 
Rolled  at  Various  Cants. 


Fig.  13. — Shelling  Developed  in  Side  of  Rail  Head  After  Rolling  at  Various  Cants. 

121-lb.  control-cooled  rail. 
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II  Field  Tests  for  Batter  of  End-Hardened  Rails  in  Service  on  the 
Chesapeake  and  Ohio  Railway 

By  R.  S.  Jensen 

Batter  measurements  on  the  end-hardened  test  rails  on  the  Chesapeake  &  Ohio  near 
Carey,  Ohio,  have  been  continued,  the  April  1942  measurements  having  been  made  after 
a  total  of  125  million  tons  of  traffic  had  passed  over  this  track.  The  same  procedure  as 
in  previous  tests  was  followed  in  measuring  batter;  that  is,  a  24-in.  straight  edge  was 
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laid  on  the  plotted  profile  curve  touching  the  highest  part  of  the  curve  near  the  end- 
hardened  zone,  and  the  batter  was  measured  as  the  vertical  distance  from  the  rail  surface 
to  the  straight  edge  at  a  point  %  in.  from  the  end  of  the  rail. 

Table  1  gives  a  summary  of  the  batter  values  obtained  annually  in  this  manner. 
They  are  the  average  of  measurements  on  approximately  100  joints  for  each  process  and 

Table  1. — Average  Batter  in  Thousandths 


Traffic — M 

11  ion  Tons 

June 
1939 
1.85 

April 
1940 
38. 0 

April 
1941 
77.0 

April 
1942 
125.0 

Process  7 
Oxweld 

Lv. 

Rec. 
AV. 

5.62 
7.96 
6.79 

9.24 
6.66 
7.95 

10.3 
3.9 

7.1 

10.8 
4.1 

7.45 

Process  9 
Free  held  torch 

Lv. 

Rec. 

AV. 

4.60 

7.14 
5.87 

8.56 
7.49 
8.02 

9.3 
8.0 
8.6 

11.4 
11.2 
11.3 

Process  10,  Hard 
Not  rehardened 
Graham's 

Lv. 

Rec. 

AV. 

3.19 
6.69 
4.93 

5.00 
4.37 
4.68 

4.4 
4.7 
4.55 

7.1 
8.9 
8.0 

Process  10,  Hard 
Rehardened 
Graham's 

Lv. 

Rec. 

AV. 

3.74 
6.03 

4.88 

5.42 
4.65 
5.03 

5.8 
4.9 
5.3 

7.9 
9.5 

8.7 

Unhardened 

Lv. 

Rec. 

AV. 

7.67 
11.9 
9.79 

12.3 
13.7 
13.0 

12.4 
11.5 
12.0 

14.2 
12.0 
13.1 

Process  10,  Soft 
Graham's 

Lv. 

Rec. 

AV. 

4.18 
6.78 
5.48 

8.04 
7.69 

7.86 

8.1 
8.2 
8.15 

9.9 
8.4 
9.15 

Process  2,  Mill  E 
Gas  heat, 
Air  quench 

Lv. 

Rec. 

AV. 

5.06 
8.43 
6.74 

7.59 
7.39 
7.49 

7.3 
7.2 
7.25 

9.1 

7.8 
8.45 

Process  3,  Mill  I 
Water  quench, 
Rolling  heat 

Lv. 

Rec. 

AV. 

5.45 
4.04 

4.74 

7.75 
5.35 
6.55 

7.7 
7.0 
7.4 

8.6 
9.6 
9.1 

Process  1,  Mill  B 
Induction  heat, 
Water  quench 

Lv. 

Rec. 

AV. 

3.87 
2.68 
3.27 

7.21 
3.85 
5.53 

10.1 
4.6 
7.4 

16.0 

6.6 

11.3 

Process  6.  Mill  D 
Brunorized 
Air  quench 

Lv. 

Rec. 

AV. 

1.78 
1.39 
1.58 

4.15 
2.21 
3.18 

5.6 
4.9 
5.3 

8.0 
7.4 

7.7 

Batter  measured  at  point  x/i  in.  from  end  of  rail. 


of  100  unhardened  rails.  The  April  1942  batter  values  continue  to  show  an  increase  over 
those  of  last  year,  the  average  increase  being  about  0.002  in.  The  leaving  rails,  with  the 
exception  of  Process  10,  hard,  and  Process  3,  have  a  greater  amount  of  batter  than  the 
receiving  rails.  This  is  due,  in  part,  to  the  difference  in  elevation  of  the  rail  ends,  the 
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receiving  ends  ranging  from  0.003  to  0.014  in.  lower  than  the  leaving  ends  on  the  average, 
with  a  few  individual  joints  having  as  much  as  0.030  in.  difference.  In  several  instances, 
especially  when  the  gap  is  closed,  the  wheel  does  not  strike  the  receiving  rail  at  the 
extreme  end,  but  on  or  near  the  high  point  of  the  end-hardened  zone,  and  the  hammering 
down  of  this  point  of  reference  reduces  the  measured  batter.  This  is  illustrated  in  the 
profile  for  Joint  26,  Fig.  1,  where  the  small  hump  of  hardened  metal  usually  found  near 
the  end  of  the  receiving  rail  has  been  worn  away  and  the  rail  is  concave  upward  for  a 
short  distance. 


20  is 

LEAVING  RAIL 


INCHES  FROM    END  OF  RAIL 

Fig.  1. — Joint  Profiles. 


15  20 

RECEIVING   RAIL 


Conditions  found  at  numerous  joints  in  Carey  test  track. 


Fig.  2  shows  a  comparison  of  batter  for  June  1939  when  measurements  were  first 
taken  with  the  48-in.  gage,  and  April  1942  after  125  million  tons  of  traffic. 

Since  the  curves  for  the  average  joint  profiles  for  April  1942  differed  so  little  from 
those  of  the  previous  year,  it  was  felt  that  only  the  inclusion  in  this  report  of  the  batter 
measured  in  June  1939  and  April  1942  was  necessary. 

The  three  curves  shown  in  Fig.  1  illustrate  conditions  which  occur  at  numerous 
joints  in  the  test  track.  Although  many  joints  have  the  same  characteristic  shape  as  the 
two  upper  curves,  it  should  be  stated  that  the  two  shown  are  severe  cases  of  these  joint 
conditions.  Joint  26  with  a  closed  gap  and  a  large  difference  in  elevation  between  leaving 
and  receiving  rail  ends  has  already  been  referred  to  in  regard  to  the  greater  amount  of 
batter  on  the  leaving  ends.  Joint  820  has  2-in.  weeping  cracks  in  both  leaving  and  re- 
ceiving rail  ends,  which  accounts  for  the  excessive  batter  at  this  joint.  The  third  curve, 
representing  Joint  106,  shows  the  characteristic  hump  of  hardened  metal  left  near  the 
ends  of  the  rails  after  passage  of  several  million  tons  of  traffic. 

The  adverse  effect  of  weeping  cracks  on  batter  may  be  seen  from  Fig.  3  where  the 
batter  increases  with  the  size  of  the  cracks;  the  rail  ends  with  the  largest  cracks  having 
approximately  three  times  the  batter  of  the  uncracked  ends. 
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BATTER,   THOUSANDTHS  OF  AN  INCH 
LEAVING  RECEIVING  AVERAGE 

0         5         10        15         0  5        10        0         5        10        13 


PROCESS    7 


PROCESS    9 


PR0C.6.MILLD  ty//^ 


JUNE  1939 


APRIL  1942 


Fig.  2. — Comparative  Batter,  End-Hardened  Rails. 
Field  test  of  batter,  C.  &  O.  Ry.,  Carey,  Ohio. 


BATTER,  THOUSANDTHS    OF  AN   INCH 


ALL  PROC.I   MILL  B    JOINTS 


34  CLEAR  JOINTS-  NO  CRACKS 


61  JTS.-I  OR  2  ENOS  CRACKED 


33  JOINTS  WITH   CRACKS 
I  1/2  INCHES  OR   OVER. 


36  RAIL  ENDS  ONLY  WITH 
LARGEST    CRACKS. 


LEAVING 
5         10        15        20 


RECEIVING 

5         10         15         0 


AVERAGE 
5        10        15        20 


Fig.  3. — Effect  of  Weeping  Cracks  on  Batter. 
April  1942  tests. 
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III  Examination  of  Carey  End-Hardened  Rails  for  Weeping  Cracks 

By  R.  E.  Cramer  and  N.  J.  Alleman 

The  900  joints  in  the  Carey  test  track  were  carefully  examined  for  weeping  cracks 
in  April  1942,  at  the  time  the  batter  readings  were  taken.  Fifteen  additional  cracked 
rails  were  found  distributed  among  three  of  the  different  groups  of  rails  all  of  which 
were  water  quenched  in  the  end-hardening  process.  In  fact,  all  of  the  166  cracked  rail 

Table  2. — Cracks  in  Ends  of  End-Hardened  Rails 
C.  &  O.  Test  Track,  Carey,  Ohio— April  1942 


Joint 
Numbers 

Method  of  End-Hardening 

Leaving 
Rail 
Ends 

Receiv- 
ing Rail 
Ends 

Total 

Average 
Brinell 
Hard- 
ness 

1-  99 
100-200 

Oxweld          .                    .  _ 
Acetylene  heated — no  quench 

Free  Held  Torch 

1 

3 

3 
16 

0 
8 

0 

1 

50 

0 

0 

9 

8 
15 

0 
10 

0 

7 

34 

1 

1 

12 

11 
31 

0 
18 

0 

8 

84 
1 

369 
426 

201-300 

Acetylene  heated — water  quench 
Graham,  hard — 16  rails. 

520 

301-400 

Same  re-hardened — 84  rails. 

Acetylene  heated — water  quench 

Unhardened rails     _____             _   _ 

366 

287 

401-500 

Graham,  soft.    __ 

364 

540-639 

Acetylene  heated — water  quench 
MillE 

361 

640-739 

Gas  heated — air  quench 
Mill  I 

384 

744-840 

Water  quenched  from  rolling  heat 
MillB 

408 

846-948 

Induction  heated — water  quench 
Mill  D — Brunorized 

374 

Air  quenched  from  normalizing 
temperature 

Total 

82 

84 

166 

ends  except  two  are  in  water-quenched  rail  ends.  Most  of  the  weeping  cracks*  have  in- 
creased in  size  to  the  extent  that  W.  L.  Roller,  division  engineer  of  the  C.  &  O.,  con- 
sidered it  necessary  to  build  up  by  welding  54  of  the  joints  containing  the  larger  cracks. 
Table  2  lists  the  cracks  observed  in  April  1942. 

Having  observed  and  studied  this  test  track  carefully  for  three  years,  and  having 
talked  with  the  railroad  men  in  charge  of  it,  the  following  observations  seem  significant: 


*  A  "Weeping"  crack  is  one  on  the  end  of  the  rail,  from  which  crack  rust  has  been  forced  out  and 
deposited  along  the  edges  of  the  crack. 
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1.  Many  of  the  rail  joints  on  the  Carey  test  track  have  to  be  raised  twice 
each  year. 

2.  Many  of  the  Carey  joints  are  pumping  mud  up  into  the  ballast. 

3.  The  fishing  surfaces  of  the  rails  and  joint  bars  have  worn  considerably  in 
the  three  years  since  the  new  rails  were  laid. 

4.  There  is  considerable  movement  of  the  rails  from  summer  to  winter  due  to 
expansion  and  contraction  which  occasionally  breaks  the  bolts  of  the  joints. 

5.  Most  of  the  damage  to  the  rails  in  125  million  tons  of  traffic  has  occurred 
at  the  rail  ends,  such  as  the  development  of  weeping  cracks  and  flow  of  the  metal 
both  over  the  ends  and  sideways,  producing  batter  and  drooping  of  the  rail  ends. 


IV  Tests  of  Insulated  Mill  Cooling  Containers  for  Rails 
By  R.  E.  Cramer  and  N.  J.  Alleman 

In  the  Eighth  Progress  Report  of  the  Joint  Investigation  of  Fissures  in  Railroad 
Rails  published  in  1942,  the  new  "Proposed  Recommended  Practice  for  Control  Cooling 
of  Railroad  Rails"  was  published.  The  cooling  requirements  for  this  new  practice  are 
more  severe  than  previous  practice,  and  in  effect  require  that  the  rail  mills  insulate  their 
rail  cooling  containers. 

A  program  for  making  tests  at  various  rail  mills  to  obtain  data  on  the  effect  of  the 
insulation  was  started  in  January  1942,  when  the  temperature  was  below  freezing.  Tests 
were  made  at  four  different  mills  before  war  work  became  too  pressing  to  allow  further 


TIME  -  HOURS 

Fig.  4. — Control  Cooling  Curves. 
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experimentation.  Owing  to  war  conditions  the  advisory   committee  deemed  it  advisable 
to  stop  all  mill  tests  for  the  duration. 

Figs.  4  and  5  show  the  cooling  curves  obtained  in  the  fastest  cooling  cars  at  two 
mills  using  insulated  gondola  cars  as  rail  cooling  containers.  These  tests  showed  that  cool- 
ing of  all  of  the  rails  to  300  deg.  F.  required  considerable  more  time  than  the  7  hours 
stipulated  in  the  new  recommended  practice.  These  cars  were  well  insulated  and  had  very 
little  empty  space  surrounding  the  rails. 


FROM  RAILS   IN    CAR  NO.  13762  SEC.  131    LB. 

FEB  17,  1942  AIR    TEMP     RANGE    28"37'F 

TEST    NO.  4         MILL     B 


TIME  -  HOURS 

Fig.  5. — Control  Cooling  Curves. 


Figs.  6  and  7  show  the  cooling  curves  taken  the  same  day  on  two  cooling  boxes  at 
another  mill  which  had  not  completed  the  insulation  of  all  their  containers.  Fig.  6  shows 
the  curves  for  the  uninsulated  box  in  which  the  fastest  cooling  rail  cooled  to  300  deg.  F. 
in  about  2  hours,  and  Fig.  7  shows  that  the  thermocouple  in  a  similar  location  in  the 
insulated  box  required  8  hours  to  cool  to  300  deg.  F.,  a  striking  illustration  of  the  benefits 
of  insulation. 

Figs.  8  and  9  show  the  cooling  curves  for  rails  piled  differently  in  large  insulated 
boxes  at  the  fourth  mill.  These  boxes  were  designed  to  hold  1^>  heats  of  rails  but  due 
to  rolling  conditions  at  the  time  of  the  tests,  only  1  heat  of  rails  was  being  placed  in 
each  box.  At  this  mill  it  is  customary  to  load  2  boxes  at  the  same  time  placing  about 
3  layers  first  in  one  box  then  in  another.  This  allows  the  rails  in  the  lower  layers  to  cool 
considerably  before  more  hot  rails  are  put  in  on  top,  or  before  the  lid  is  put  in  place 
for  the  last  time,  after  completion  of  loading,  and  the  temperature  has  an  opportunity 
to  equalize  throughout  the  container.  When  the  rails  were  piled  as  shown  in  the  small 
sketch  of  Fig.  8,  with  considerable  room  for  air  circulation  around  the  sides  of  the  piled 
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©        ^  TIME  -  HOURS 

Fig.  6. — Control  Cooling  Curves. 
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FROM     RAILS    IN     BOX     NO.  14  SEC.   132    LB. 

JAW.  7, 1942  AIR    TEMP    RANGE     10  ABOVE   to 


TIME  -  HOURS 


Fig.  7. — Control  Cooling  Curves. 
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Fig.  S. — Control  Cooling  Curves. 


TIME  -  HOURS 

Fig.  9. — Control  Cooling  Curves. 
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rails,  the  bottom  rails  almost  reached  300  cleg.  F.  in  2  hours,  but  when  the  lid  was  in 
place  after  loading,  these  bottom  rails  were  heated  somewhat  and  remained  above  300 
deg.  F.  for  the  required  7  hours.  The  rails  in  the  second  insulated  box  were  piled  com- 
pletely across  the  bottom  6  layers  with  little  room  for  air  circulation  at  the  sides  of  the 
bottom  layers,  as  shown  in  the  sketch  of  Fig.  9.  In  this  case  the  rails  in  the  bottom  layer 
cooled  to  only  slightly  below  400  deg.  F.  before  equalization  of  the  temperature  and 
then  required  10  hours  to  cool  to  300  deg.  F. 

It  is  believed  that  insulating  the  mill  container  at  all  mills  has  greatly  retarded  the 
cooling  of  the  rails  in  the  bottom  layers  but  tests  have  not  been  made  by  the  members 
of  the  test  party  at  all  the  rail  mills.  Occasional  checking  of  mill  cooling  containers 
would  seem  desirable,  inasmuch  as  it  has  been  found  that  changes  in  openings  for 
thermocouples,  the  fit  of  the  lids  and  many  other  conditions  will  make  a  considerable 
difference  in  the  cooling  of  rails  in  the  containers.  This  applies  in  particular  to  the  oppo- 
site end  of  the  container  which  does  not  contain  the  mill  thermocouple. 

V  Examination  of  Control  Cooled  and  Brunorized  Rails 
Which  Failed  in  Service 

By  R.  E.  Cramer 

During  the  past  year  or  since  November  IS,  1941,  26  failed  control  cooled  and  3 
failed  Brunorized  rails,  have  been  sent  to  the  University  of  Illinois  Talbot  Laboratory 
to  determine  the  cause  of  failure.  A  detailed  study  was  made  of  each  failure  and  reports 
sent  to  W.  C.  Barnes,  engineer  of  tests  of  the  Committee  on  Rail,  to  the  railroad  sup- 
plying the  rail  and  to  the  rail  manufacturers.  None  of  the  control  cooled  rails  contained 
shatter  cracks.  The  Brunorized  rails  had  been  manufactured  under  the  original  process 
before  the  modification  in  April  1938  and  had  developed  transverse  fissures  from  shatter 
cracks  as  nuclei.  The  failures  in  control  cooled  rails  received  by  the  test  party  between 
November  IS,  1941,  and  November  IS,  1942,  were  classified  as  follows. 

Transverse  fissures  from  blow  holes    6 

Transverse  fissures  from  welded  spot 1 

Horizontal  split  heads  2 

Detailed  fractures  from  engine  wheel  burn  S 

Fatigue  failures  starting  in  the  web  3 

Detailed  fractures  from  shelly  spots 9 

All  but  three  or  four  of  these  failures  had  been  reported  to  Mr.  Barnes  as  transverse 
fissures. 

Several  failed  rails  rolled  before  control  cooling  was  started  were  also  received  for 
study.  Reports  were  prepared  for  the  men  interested  in  each  rail. 

VI  Comparison  of  Drop  and  Bend  Tests 

By  N.  J.  Alleman 

At  the  meeting  of  the  Contact  Committee  in  March  1941,  it  was  decided  to  suspend 
further  work  on  comparison  of  drop  and  bend  tests.  The  work  here  summarized  was 
done  previous  to  that  meeting  and  since  the  eighth  progress  report  was  written  (December 
1941). 

In  a  drop  test  made  head-up  to  measure  the  "force  of  the  blow"  by  the  elastic 
strains  near  the  supports  an  equivalent  static  load  at  midspan  of  314,000  lb.  was  obtained. 
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Previously  a  value  of  360,000  lb.  was  obtained  in  a  head-down  test  of  another  rail. 
Brinell  hardness  values  on  the  tension  side  of  the  two  rails  were  249  and  247,  respectively. 

Scratch  gages  attached  to  the  head  and  base  of  a  rail  loaded  head-up  in  the  bend 
test  until  the  permanent  rail  deflection  equaled  that  obtained  after  the  first  blow  in  the 
drop  test,  indicated  that,  at  the  quarter  point  of  the  four-foot  span,  the  rail  head  took 
a  permanent  set  but  the  base  showed  none.  Tension  tests  on  specimens  cut  from  rail 
heads  indicate  that  permanent  set  may  be  appreciable  between  45,000  and  50,000  lb. 
per  sq.  in. 

Elongations  taken  after  each  blow  in  the  drop  test,  on  sound  rails  tested  head-up, 
indicate  that  the  elongation  after  the  first  blow  at  midspan  is  approximately  4  percent, 
increases  being  from  1  to  3  percent  for  each  succeeding  blow.  In  an  examination  of  25 
comparative  drop  and  bend  tests,  the  total  elongation  over  six  1-in.  gage  lengths  was 
made,  and  the  elongations  at  fracture  were  greater  in  the  bend  test  in  23  cases. 

In  both  types  of  tests  the  rail  often  fails  by  crushing  near  the  top  of  the  web.  This 
is  shown  for  a  bend  test  in  Fig.  10.  The  first  indication  of  failure  was  the  longitudinal 
split  in  the  web  directly  under  the  load. 


Fig.  10.— Rail  Tested  Under  Bend  Test. 

In  the  bend  test  the  rail  twists,  and  often  does  not  break  off;  however,  under  the 
drop  test  a  piece  about  6  in.  long  breaks  from  the  base.  Maximum  elongation  is  near 
midspan  and  at  the  fractures  the  elongations  are  approximately  half  of  the  maximum 
values. 

In  one  drop  test  gage  marks  were  placed  Y\  in.  from  the  edges  as  well  as  along  the 
center  of  the  base.  A  9-in.  piece  broke  from  the  base  on  the  sixth  blow.  Maximum 
elongations  were  at  midspan,  the  value  at  the  centerline  being  10  percent,  at  the  edges 
the  values  were  5  and  11  percent,  respectively.  Elongations  across  the  break  were  5  per- 
cent at  the  center  and  5  percent  and  8  percent,  respectively,  at  the  edges. 

This  rail  required  6  blows  for  failure,  hammer  rebounds  were  9,  12,  15,  15  and  6  in. 
for  the  first  5  blows. 

From  a  study  of  the  elongation  values  obtained  it  appears  that  the  drop  test  with  a 
spring  mounted  anvil  stresses  a  rail  in  a  manner  quite  similar  to  the  bend  test.  A  two- 
foot  drop  of  the  tup  is  sufficient  to  give  a  rail  a  permanent  set.  It  seems  probable  that 
the  anvil  is  accelerated  downward  after  the  rail  has  been  stressed  above  the  elastic 
strength.  By  the  time  the  springs  close,  a  large  percentage  of  the  energy  of  the  tup  is 
lost,  in  accelerating  the  anvil,  compressing  the  springs,  etc.,  and  the  remaining  energy  is 
sufficient  to  develop  an  elongation  of  approximately  4  percent  at  the  center  of  span  on 
the  tension  side.  If  the  rail  does  not  break  under  the  first  blow  further  testing  so  distorts 
the  rail  that  the  number  of  blows  for  failure  is  not  an  accurate  index  as  to  rail  quality. 
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R.  S.  Belcher  W.  R.  Goodwin  R.  E.  Patterson 

C.  B.  Bryant  O.  E.  Hager  W.  C.  Perkins 

S.  J.  Buckman  F.  W.  Hillman  Henry  Schmitz 

Walter  Buehler  L.  B.  Holt  L.  B.  Shipley 

C.  M.  Burpee  H.  E.  Horrocks  O.  C.  Stelnmayer 

G.  B.  Campbell  B.  D.  Howe  G.  C.  Stephenson 

H.  B.  Carpenter  R.  S.  Hubley  T.  H.  Strate 

W.  F.  Clapp  R.  P.  Hughes  W.  A.  Summerhays 

E.  A.  Craet  M.  F.  Jaeger  J.  E.  Tiedt 

H.  A.  Dise  A.  L.  Kammerer  Hermann  von  Schrenk 

Committee 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 
No  report. 

2.  Service  test  records  of  treated  wood. 

Progress  report — presented  as  information   page  624 

3.  Destruction  by  marine  organisms  and  possible  ways  of  prevention. 

Progress  report — presented  as  information   page  635 

4.  Specifications  for  creosote-petroleum  mixtures. 

Progress  report — presented  as  information   page  642 

5.  Destruction  by  termites  and  possible  ways  of  prevention. 

Progress  report — presented  as  information   page  647 

6.  New  preservatives. 
No  report. 

7.  Incising  forest  products,  collaborating  with  Committees  3 — Ties  and  7 — Wood  Bridges 
and  Trestles. 

No  report. 

8.  Use  of  straight  coal  tar  for  tie  treatment  and  results  obtained. 
No  report. 

9.  Critically  review  the  specifications  for  creosote  with  attention  to  changes  in  the  process 
of  manufacture  and  with  regard  to  limiting  the  residue  above  355  deg.  C. 

No  report. 

The  Committee  on  Wood  Preservation, 

H.  R.  Duncan,  Chairman. 

AREA  Bulletin  437,  February,  1943. 
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Report  on  Assignment  2 

Service  Test  Records  of  Treated  Wood 

A.  J.  Loom  (chairman,  subcommittee),  H.  A.  Dise,  O.  E.  Hager,  F.  W.  Hillman,  L.  B. 
Holt,  R.  S.  Hubley,  R.  P.  Hughes,  W.  C.  Perkins,  O.  C.  Steinmayer,  T.  H.  Strate, 
W.  A.  Summerhays. 

This  report  is  presented  as  information. 

A  report  of  special  test  records  of  ties  on  the  Chicago,  Burlington  &  Quincy  is  sub- 
mitted below. 

Inspection  reports  for  1942  are  submitted  by  the  U.  S.  Forest  Products  Laboratory 
covering  the  Hartford,  Wis.,  Fair  Grounds  and  University  Avenue  (Madison,  Wis.)  test 
tracks  of  the  Chicago,  Milwaukee,  St.  Paul  &  Pacific. 

Report  of  32nd  Annual  Inspection  of  Chicago,  Burlington  &  Quincy 
Experimental  Ties 

The  results  of  the  1941  inspection  of  the  experimental  ties  in  the  tracks  of  the 
Chicago,  Burlington  &  Quincy  are  given  in  the  accompanying  tabulations.  These  ties 
were  laid  in  1909  and  1910,  some  treated  with  coal-tar  creosote  by  the  full-cell  process, 
with  10  to  12  lb.  per  cu.  ft.,  some  with  zinc  chloride  (Burnett  process)  with  y2  lb.  per 
cu.  ft.,  some  with  a  mixture  of  these  two  preservatives  (Card  process)  with  an  absorp- 
tion of  y2  lb.  of  zinc  chloride  and  3  lb.  of  creosote  per  cu.  ft.;  and  some  were  untreated. 

Average  Life  of  Untreated  Ties  in  Years 

Total  Average, 

Kind  Placed  Years 

Ash    116  5.1 

Beech   208  S.O 

Red  birch  217  3.6 

Chestnut    259  9.7 

Cottonwood    86  2.9 

Cypress   225  8.3 

White  elm    191  5.3 

Hemlock   190  4.9 

Hickory  110  5.5 

Loblolly  pine   248  5.3 

Hard  maple   122  4.7 

Soft  maple  125  3.6 

White  oak   125  11.1 

Red  oak   204  5.3 

Pin  oak 126  6.3 

Poplar    126  5.3 

Red  gum   152  4.1 

Sycamore    131  3.3 

Tamarack    175  5.1 

Tupelo  gum  136  3.5 

Total   placed    3,272 

Average  life 5 .6 
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Report  on  Assignment  3 

Destruction  by  Marine  Organisms  and  Possible  Ways  of  Prevention 

W.  F.  Clapp  (chairman,  subcommittee),  W.  P.  Arnold,  S.  J.  Buckman,  C.  M.  Burpee, 
E.  A.  Craft,  John  Foley,  L.  B.  Holt,  H.  E.  Horrocks,  B.  D.  Howe,  M.  F.  Jaeger, 
R.  E.  Patterson,  Hermann  von  Schrenk. 

This  report  is  presented  as  information. 

Many  of  the  stations  where  tests  of  various  timbers  and  timber  preservatives  are 
being  conducted  are  located  in  areas  where  inspections  could  not  be  made  during  the 
past  year.  No  reports  have  been  received  from  the  Panama  Canal  Zone.  The  monthly 
inspections  and  subsequent  reports  on  the  tests  at  the  United  Fruit  Company  station  at 
Almirante,  Panama,  have  also  been  temporarily  discontinued.  The  periodic  inspections 
of  the  large  series  of  test  timbers  submerged  at  the  Naval  Training  Station  at  Newport, 
R.  I.,  have  also  been  postponed  indefinitely.  It  is  hoped  that  conditions  during  the  com- 
ing year  may  be  such  that  access  to  and  reports  from  the  various  testing  stations  may 
be  made  possible. 

The  New  England  Marine  Piling  Investigation  has  been  continued  under  the  direc- 
tion of  T.  G.  Sughrue,  chief  engineer  of  the  Boston  &  Maine.  Test  boards  have  also  been 
submerged  at  a  number  of  new  locations  where  destruction  due  to  marine  borers  has 
been  observed.  Included  among  these  new  test  board  stations  are  those  in  Lomond- 
Bonne  bay  and  other  harbors  in  Newfoundland,  and  in  the  harbor  of  Sydney,  Cape 
Breton. 

In  the  New  York  Marine  Piling  Investigation,  45  test  boards  have  been  regularly 
operated  in  New  York  harbor  and  the  vicinity  during  the  past  year.  These  test  boards 
have  been  operated  by  the  following  organizations: 

Location  No. 

Barrett  Co. 
Bethlehem  Steel   Corp. 
Consolidated  Edison  Co. 
Erie  Railroad 

U.  S.  Engineers 
General  Foods  Corp. 
Gulf  Oil  Co. 
H.  B.  Nevins 
Hoboken  Land  &  Imp. 
Borough  of  Manhattan 
Merritt  Chapman  &  Scott  Co. 
National  Lead  Co. 
National  Sugar  Refinery 
New  York  Central 
New  York  Dock  Co. 
Phelps  Dodge  Corp. 
Reilly  Tar  &  Chem. 
Standard  Oil  of  New  Jersey 
Texas  Co. 

Tottenville  Shipyard 
United  Fruit  Co. 

In  spite  of  a  somewhat  higher  salinity  during  the  summer  breeding  season  of  1941 
and  what  might  be  considered  as  more  favorable  conditions  for  the  activity  of  marine 
borers,  no  evidence  of  increased  marine  borer  attack  could  be  found  in  the  New  York 
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Fig.  1. — Teredo  Navalis  Attack  on  a  Two  by  Four-Inch  Test  Piece  Exposed  in  the 

Harbor  at  Sydney,  Nova  Scotia,  from  July  to  September  1942. 
Note  that  the  tunnels  run  across  the  grain  of  the  wood. 


Fig.  2. — An  Enlarged  View  of  a  Portion  of  the  Test  Piece  Shown  in  Fig.  1. 
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area.  During  1942  there  had  also  been  no  apparent  increase  in  the  activity  of  either 
teredo  or  limnoria,  even  at  those  locations  where  it  is  known  that  there  has  been  a 
considerable  reduction  in  the  pollution  of  the  water. 

Test  boards  have  also  been  operated  continuously  at  Baltimore,  Md.,  Wilmington, 
X.  C,  Daytona  and  Miami,  Fla.,  and  Port  Aransas,  Tex.  At  the  latter  location  test 
boards  were  totally  destroyed  in  three  months  during  the  summer  of  1942. 

The  most  severe  destruction  due  to  teredo  which  was  recorded  during  the  summer 
of  1942  occurred  in  the  harbor  of  Sydney,  N.S.  Test  timbers  of  2  by  4-in.  pine  were 
completely  destroyed  in  the  4  months  from  June  to  September,  inclusive.  This  severe 
attack  was  continuous  from  mean  low  water  to  a  known  depth  of  24  ft.  Equally  severe 
destruction  has  previously  been  recorded  from  the  Bras-D'or  Lakes. 

A  vessel  which  was  anchored  during  the  summer  of  1942,  in  Sydney,  N.S.,  harbor 
was  found  to  have  been  badly  damaged  by  teredo  early  in  the  fall.  This  vessel  had  been 
given  a  protective  coating  of  copper-bearing  bottom  paint  up  to  the  light-load  line.  As 
nearly  as  could  be  determined  from  an  examination  made  while  the  vessel  was  still 
afloat,  this  coating  appeared  to  have  provided  protection.  However,  when  the  boat  was 
heavily  loaded,  the  planking  between  the  light-load  line  and  the  heavy-load  line — which 
had  been  given  a  different  protective  paint  coat — was  exposed  to  teredo  attack.  In  this 
area  the  teredo  had  penetrated  and  completely  destroyed  the  pine  planking  in  some 
places  to  a  depth  of  more  than  two  inches.  A  large  majority  of  the  specimens  found  was 
teredo  navalis,  but  occasionally  specimens  of  the  much  larger  teredo  dilatata  were  also 
found  in  all  of  the  infested  timbers  examined. 

This  teredo  attack  in  Sydney  varied  considerably  from  that  usually  found  in  harbors 
along  the  Atlantic  coast.  Teredo  navalis,  soon  after  entering  the  wood,  generally  con- 
structs its  tunnels  in  a  direction  parallel  to  the  grain.  In  Sydney,  all  of  the  specimens  of 
damaged  wood  which  were  examined  showed  that  the  attack  by  teredo  navalis  had  been 
directly  across  the  grain.  Maple,  pine,  and  hemlock  showed  equally  severe  destruction. 

New  wooden  scows  built  in  the  spring  of  1942  were  found  to  have  been  very 
severely  damaged  in  September.  An  examination  of  the  top  planking  showed  that  the 
attack  by  teredo  navalis  had  extended  up  to  the  water  line  of  all  floating  wood  examined. 

Service  Records  of  Creosoted  Piles  in  Four  Northern  Pacific  Wharves 
Located  in  Seattle  Harbor 

This  report  covers  the  performance  record  of  13,869  creosoted  Douglas  fir  piles 
driven  from  1906  to  1941  in  4  wharves  of  the  Northern  Pacific  located  in  Seattle  harbor. 

The  Northern  Pacific  pioneered  in  the  development  of  port  facilities  in  the  Seattle 
and  Tacoma  harbors,  and  in  the  design  of  these  wharves,  modernization  and  the  selec- 
tion of  economical  structural  materials  were  both  thoroughly  investigated.  The  same 
degree  of  care  and  thoroughness  has  characterized  the  compilation  of  service  records  of 
the  creosoted  Douglas  fir  piles  used  in  the  structures. 

The  4  wharves  described  in  this  report  were  erected  in  part  during  1901-1902  using 
5,907  "Perfection"  treated  piles.  The  treatment  consisted  of  wrapping  peeled  piles  with 
burlap,  saturated  with  tar  and  bound  with  wire.  The  "Perfection"  process  was  the  only 
preservative  treatment  available  in  the  Puget  Sound  area  at  that  time,  and  proved  of 
value  as  long  as  this  protective  coating  remained  intact,  unbroken  by  abrasion.  With 
the  establishment  of  a  pressure  creosoting  plant  in  the  Puget  Sound  area  in  1906,  re- 
placements, extensions  and  modernizing  in  subsequent  years  were  carried  out  with 
creosoted  Douglas  fir  piles.  Three  of  the  wharves  were  extended  to  about  twice  their 
original  length  in  1909.  The  number  of  creosoted  piles  driven  in  these  wharves  from 
1906  to  1941,  together  with  their  service  records,  are  shown  in  Table  1. 
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Table  1.— Performance  Record  of  13,869  Creosoted  Douglas  Fir  Piles  Driven  in 
Four  Wharves  of  the  Northern  Pacific  in  Seattle  Harbor 

Total  No.  Classification  of  Present  Condition 

Year  Driven  Piles  Good  Fair  Bad  Missing 

Percentages 

1906-7     1,088         30.3  5.2  32.3  32.2 

190S   2,956         75.7  4.7  12.5  7.1 

1909  -.     4,450         36.7  8.5  32.6  22.2 

1910     12         50.0  16.7  33.3 

1912         545         85.1  3.1  4.8  7.0 

1913      528         78.0  4.2  10.6  7.2 

1917-8-9   .    1,079         95.8  1.9  1.7  0.6 

1922         137         96.3  2.2  1.5  

1923    : 3  100.0             

1925-26           1,245  98.5  0.8  0.5  0.2 

1927          _.        .    478  97.7             2.3 

1935   34  100.0             

1937       163  100.0             

1939     352       100.0  

1940     317       100.0  

1941 482       100.0  

Total 13,869 

Note:  From  time  to  time  additions,  alterations  and  normal  replacements  have  been  made.  As  a 
result  of  the  redriving  program  of  the  last  few  years,  only  piles  classified  as  "Good"  or  "Fair"  are  now 
supporting  these  structures.  Piles  classified  as  bad  or  missing  include  those  suffering  from  mechanical 
damage  as  well  as  failures  due  to  marine  borers. 

The  characteristics  of  the  creosote  used  in  the  preservative  treatment  of  these  piles 
are  tabulated  in  Table  2,  and  conform  to  AWPA  Grade  1.  The  treatment  of  these  piles 
would  satisfy,  in  general,  the  AREA  and  AWPA  specifications,  with  a  minimum  penetra- 
tion requirement  of  one  inch  of  full-cell  treatment,  and  all  piles  were  individually 
inspected. 

It  has  been  the  practice  of  the  Northern  Pacific  for  some  years  to  have  the  piles 
under  its  wharves  inspected  periodically  by  competent  marine  divers.  This  inspection 
consists  of  a  thorough  examination  of  each  pile  throughout  all  its  length  above  the  mud 
line,  and  the  condition  of  each  is  classified  as  "good",  "fair",  "bad",  or  "missing".  A 
study  of  the  reports  of  the  periodic  inspections  indicates  that  this  type  of  examination 
is  at  least  90  percent  accurate. 

The  system  for  classifying  the  piles  is  briefly  described  as  follows: 

1.  Good  Piles. — Those  in  perfect  condition,  or  those  in  which  no  marine  borer 
action  or  other  damage  is  found  that  would  impair  their  strength. 

2.  Fair  Piles. — Include  piles  showing  some  marine  borer  attack  due  to  insufficient 
absorption  of  preservative,  damage  in  driving,  abrasion  or  other  causes. 

3.  Bad  Piles. — Those  that  have  become  incapable  of  further  safe  service  for  any 
reason,  and  are  listed  to  be  replaced. 

4.  Missing  Piles. — Those   appearing   in   the   records   of   reconstruction   or   repairs, 
but  which  have  disappeared  and  cannot  be  accounted  for. 

The  service  records  of  the  creosoted  piles  of  this  report  are  listed  in  Table  1  by  the 
years  installed.  By  combining  the  percentages  of  bad  and  missing  piles  for  any  given 
year  the  relation  of  failures  to  years  of  service  is  determined.  For  example,  considering 
the  1906-1907  installation,  64.5  percent  of  the  piles  failed  from  all  causes — mechanical 
damage,  marine  borer  attack  or  a  combination  of  both,  etc.,  in  a  period  of  36  years. 
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These  records  indicate  that  an  average  life  of  30  years  is  a  conservative  estimate 
for  the  creosoted  piles  tabulated  in  this  study.  In  the  interim  since  1916  marked  improve- 
ment has  been  made  in  treating  methods  and  inspection.  It  is  therefore  reasonable  to 
assume  that  piles  installed  in  these  wharves  after  1916  will  have  an  average  life  greatly 
in  excess  of  30  years.  Marine  borer  activity  has  been  observed  in  Pacific  Coast  ports 
since  their  early  development,  and  conditions  in  the  Seattle  harbor  are  typical.  It  is 
reasonable  to  expect  that  the  estimated  life  of  the  creosote  piles  described  in  this  report 
is  applicable  to  other  West  Coast  ports. 

San  Francisco  Bay  Tests 

The  following  report  regarding  the  exposure  tests  at  Oakland  Pier  and  Peralta  Street 
Wharf.  West  Oakland,  Calif.,  was  supplied  by  W.  H.  Kirkbride,  chief  engineer,  Southern 
Pacific  Company,  San  Francisco,  Calif. 

All  test  pieces  exposed  to  marine  borers  at  Peralta  Street  Wharf  were  removed  last 
spring  for  reasons  beyond  control  and  have  not  been  replaced. 

The  chains  supporting  the  test  pieces  at  Oakland  Pier  are  badly  corroded  and 
should  be  renewed,  but  under  present  conditions  it  seems  out  of  order  to  use  so  much 
steel  for  this  purpose,  even  if  obtainable;  therefore  it  has  been  decided  to  remove  all 
the  test  pieces  from  the  water  and  store  them  until  steel  is  again  readily  available. 

Shell  Development  Company  test  pieces  at  Oakland  Pier  showed  attack  as  follows: 

A-l  and  A-2.  Heavy  limnoria  attack. 

B-l  and  B-2.  Heavy  limnoria  attack. 

C-l  and  C-2.  Lost  by  corrosion  of  supporting  chain. 

D-l  and  D-2.  Heavy  limnoria  attack. 

Untreated  pieces  showed  heavy  limnoria  and  moderate  teredo  attack. 

Report  of  Inspection  on  November  4,  1942,  or  Specimens  Furnished  bv  Chemical 
Warfare  Service  and  Placed  in  San  Francisco  Bay  at  the  Request  of     . 
Dr.  Hermann  von  Schrenk 

Gate  25-1-A 

Installed  at  Biological  Station,  Oakland  Pier,  July  21,  1925.  The  untreated  pieces 
hung  at  this  station  show  heavy  limnoria  and  moderate  teredo  attack. 

No.  1  (1  percent  ammoniacal  copper  carbonate).  No  fresh  limnoria  attack.  Light 
limnoria  attack  on  ends  in  1934. 

No.  2   (Creosote  and  1  percent  diphenylamine  chlorarsine) .  No  attack. 

Chemical  Warfare  Service  Test  Pieces  Forwarded  From  Edgewood  Arsenal  by 
Lt.  Col.  C.  E.  Brigham  and  Hung  at  Oakland  Pier  February  24,  1932 

Inspected  November  4,  1942 
Specimen  Treatment  and  Retention  Condition 

A-ll  Creosote  21.6  lb.  per  cu.  ft.  Heavy   limnoria   attack  around 

a   knot   and   in   heartwood   on 
ends;   very  light  elsewhere. 

D-ll  Creosote  plus  2l/2  percent  dini-       Very   light  limnoria   attack   on 

trophenol  23.7  lb.  per  cu.  ft.  sides;    heavy   attack   in   heart- 

wood  on  ends. 
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E-ll 


F-ll 


Petroleum  residuum  plus  2l/2 
percent  dinitrophenol  22.5  lb. 
per  cu.  ft. 

Petroleum  residuum  plus  0.84 
percent  methyl  arsenious  oxide, 
17.S  lb.  per  cu.  ft. 


Heavy    limnoria    attack,    some 
teredos. 


Very    heavy 
some  teredos. 


limnoria    attack, 


Untreated    pieces   hung   at    Oakland    Pier    1941-1942    showed    heavy    limnoria    and 
moderate  teredo  attack. 


Report  of  Inspection  November  4,  1942,  of  Specimens  Furnished  Through 

Dr.  H.  von  Schrenk  and  Col.  W.  G.  Atwood  and  Installed  in 

San  Francisco  Bay  Area 

Barrett  Manufacturing  Company  Material 
Placed  at  Station   B,   Pier   7,   San   Francisco,   January    1923.    Moved   to   Biological 
Station,  Oakland  Pier,  care  Southern  Pacific  Company,  December  1925. 

Specimen 

Number  Treatment  Condition  August  28,  1941 

P-l  Coke  oven  original  oil  No  fresh  attack 
P-2                    do  solids  removed  do 

P-3  do  acids  removed  do 

P-4  do  bases  removed  do 


Gate 
B-4 


B-5 


B-6 


B-7 


B-S 


B-9 


B-10 


B-ll 


P-5 
P-6 
P-7 

P-8 

P-9 
P-10 
P-ll 
P-l  2 

P-l  3 
P-l  4 
P-l  5 
P-l  6 

F-l 
F-2 
F-3 

F-4 

F-5 
F-6 
F-7 
F-8 

F-9 
F-10 
F-ll 
F-l  2 

F-l  3 
F-14 
F-l  5 
F-l  6 


Coke,  minus  residue  at  360°  C. 
do  fraction  230°-270°  C. 
do  fraction  up  to  230°   C. 
do  fraction  270°-360°  C. 

Vertical  retort  original  oil 
do  minus  solids 
do  minus  acids 
do  minus  bases 

do  minus  residue  above  360°  C. 

do  minus  fraction  230°-270°  C. 

do  minus  fraction  up  to  230°  C. 

do  minus  fraction  270°-360°  C. 


Same  as 

P-l 

do 

P-2 

do 

P-3 

do 

P-4 

do 

P-5 

do 

P-6 

do 

P-7 

do 

P-S 

do 

P-9 

do 

P-10 

do 

P-ll 

do 

P-l  2 

do 

P-l  3 

do 

P-l  4 

do 

P-l  5 

do 

P-l  6 

Very  light  limnoria  attack 
No  fresh  attack 

do 
Very  light  limnoria  attack 

Verv  light  limnoria  attack 

do 
Light  limnoria  attack 

do 

Heavy  limnoria  attack 
Moderate  limnoria  attack 

do 
Heavy  limnoria  attack 

Light  limnoria  attack 
Very  light  limnoria  attack 

do 

do 

No  fresh  attack 
do 
do 
do 

Light  limnoria  attack 
Very  light  limnoria  attack 

do 

do 

No  fresh  attack 
do 
do 
do 


Note:  P  =  Pine;  F  =  Fir. 

The    untreated    specimens    at    this    station    1941-1942    show    heavy    limnoria    and 
moderate  teredo  attack. 
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Report  on  Assignment  4 

Specifications  for  Creosote-Petroleum  Mixtures 

R.  S.  Belcher  (chairman,  subcommittee),  Walter  Buehler,  G.  B.  Campbell.  H.  B.  Car- 
penter, E.  A.  Craft,  H.  A.  Dise,  W.  R.  Goodwin,  F.  W.  Hillman,  B.  D.  Howe, 
R.  S.  Hubley,  R.  P.  Hughes,  M.  F.  Jaeger,  A.  L.  Kammerer.  A.  J.  Loom,  W.  C. 
Perkins,  L.  B.  Shipley,  G.  C.  Stephenson,  T.  H.  Strate,  J.  E.  Tiedt. 

This  report  is  presented  as  information. 

It  is  the  understanding  of  the  committee  that  this  assignment  includes  all  phases 
of  the  subject.  Last  year  your  committee  was  assigned  three  subjects  pertaining  to 
creosote-petroleum  solutions,  as  follows: 

Effect  of  preservative  treatment  by  use  of  creosote-petroleum. 
Reasons  for  and  extent  of  use  of  creosote-petroleum  mixture. 
Specifications  for  creosote-petroleum  treatment. 

In  addition  to  the  phases  of  the  subject  covered  by  those  assignments,  it  is  the 
opinion  of  the  committee  that  the  present  assignment  can  well  include  the  following: 

Specifications  for  petroleum  for  blending  with  creosote. 

Specifications  for  creosote  for  blending  with  petroleum. 

Specifications  for  various  creosote-petroleum  solutions  that  may  be  used  for 
preservative  treatment. 

Methods  of  analysis  of  creosote-petroleum  solutions  that  may  be  used  for 
preservative  treatment. 

That  part  of  the  subject  generally  covered  by  "Effect  of  preservative  treatment  by 
use  of  creosote-petroleum"  has  been  studied  by  this  committee  for  a  number  of  years. 
This  study  in  general  covered  the  results  and  service  life  obtained  from  crossties  and 
other  material  treated  with  creosote-petroleum. 

History  of  the  Study 

The  first  report  to  the  Association  on  the  subject  "Creosote  mixture  with  other  oils" 
was  made  at  the  1924  annual  meeting,  and  appeared  in  the  Proceedings,  Vol.  25,  pages 
862  to  895.  That  report  gave  an  historical  record  of  the  treatment  with  creosote- 
petroleum  solutions  in  foreign  countries  and  in  the  United  States.  The  report  also  in- 
cluded details  of  treatment  of  ties  in  tracks  of  the  Atchison,  Topeka  &  Santa  Fe.  Under 
"General  Considerations"  on  page  874,  the  following  reasons  were  given  for  the  use  of 
petroleum  in  solution  with  creosote: 

The  admixture  of  petroleum  with  coal-tar  creosote  may  be  justified  from 
three  standpoints:  first,  reducing  the  initial  cost;  second,  increasing  the  value  of 
the  treatment  by  bringing  about  a  better  distribution  of  the  creosote;  and,  third, 
reducing  the  checking  of  ties. 

A  full  explanation  of  the  above  statement  followed  on  pages  874  to  876,  inclusive. 
This  explanation  covered  in  detail  points  to  be  considered  before  deciding  upon  the  use 
of  creosote-petroleum  solution  treatment. 
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Continuation  reports  on  this  subject  were  made  in  1925  and  1926.  The  committee 
reported  progress  in  1927,  and  in  1928  presented  results  of  an  inspection  by  the  com- 
mittee of  test  ties  at  Cleveland,  Tex.  The  1929  report  was  essentially  one  of  progress, 
stating  that  no  radical  changes  had  been  noted  in  the  test  tracks  and  recommending 
that  the  subject  be  continued.  The  committee  made  an  inspection  of  creosote-petroleum- 
treated  ties  in  West  Texas,  New  Mexico  and  Arizona  in  1929,  and  the  results  of  this 
inspection  were  given  in  the  1930  Proceedings  with  photographs  and  statements  as  to 
the  condition  of  various  groups  of  ties.  Very  few  ties  showed  decay,  and  the  report 
stressed  the  beneficial  effect  of  petroleum  solutions  in  retarding  checking. 

Your  committee  next  reported  to  the  1939  annual  meeting.  That  report  included  a 
resume  of  the  committee  reports  up  to  1930  plus  reports  of  results  to  date  from  ties  in 
test  tracks  on  the  Northern  Pacific,  the  Reading,  and  the  Santa  Fe.  Of  the  ties  covered 
by  that  report,  approximately  220,000  were  treated  with  various  creosote-petroleum 
solutions.  For  comparison,  results  from  790,000  ties  treated  with  5  and  7  lb.  of  creosote 
were  given.  The  report  stated  that  of  the  creosote-petroleum  ties  inspected  after  removal 
from  track,  less  than  5  percent  of  the  failures  were  primarily  due  to  decay,  while  about 
90  percent  were  due  to  mechanical  wear,  which  included  spike  killing,  plate  cutting, 
shattering  and  splitting,  etc. 

In  1941  Subcommittee  9,  which  had  been  assigned  the  subject  "Reasons  for  and 
extent  of  use  of  creosote-petroleum  solution",  M.  F.  Jaeger,  chairman,  canvassed  all 
railroads  using  creosote-petroleum  solutions  as  listed  in  the  survey  reported  in  the  1940 
Proceedings,  asking  for  reasons  for  the  use  of  creosote-petroleum  solutions.  A  composite 
of  replies  disclosed  the  following: 

1.  Effective  and  satisfactory  preservative  results  at  reduced  cost: 

At  many  treating  plants,  the  cost  of  creosote-petroleum  solution  is  less  than 
the  cost  of  equal  retentions  of  other  preservatives.  Cost  considerations,  in  addi- 
tion to  satisfactory  preservative  results,  have  been  a  factor  in  the  decision  of  some 
railroads  to  use  creosote-petroleum  solution. 

2.  Increased  value  of  the  treatment  due  to  better  distribution  of  creosote: 

An  excellent  distribution  of  creosote  is  obtained  by  treatment  with  creosote- 
petroleum  solutions  due  to  the  larger  volume  of  preservative  made  practicable  by 
the  addition  of  the  petroleum. 

3.  Reduced  moisture  interchange  and  checking  of  the  material: 

Replies  from  several  railroads  indicate  that  the  checking  of  ties  and  other 
material  is  reduced  by  the  creosote-petroleum  solution  treatment.  This  fact  has 
been  mentioned  several  times  in  earlier  reports  of  this  committee  to  the  Asso- 
ciation. 

4.  The  belief  that  the  petroleum  sealing  action  near  the  surface  of  products  treated 
with  creosote-petroleum  solutions  retards  the  evaporation  of  volatile  components  of 
creosote: 

Some  users  of  creosote-petroleum  solutions  believe  that  the  evaporation  of 
the  volatile  and  more  toxic  components  of  creosote  oil  is  retarded  by  the  petro- 
leum in  solution  with  the  creosote.  Your  committee  does  not  have  evidence  to 
prove  this  belief  at  the  present  time,  but  the  satisfactory  service  life  obtained 
from  ties  treated  with  creosote-petroleum  indicates  at  least  that  sufficient  toxicity 
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The  1942  report  of  Subcommittee  4  on  "Effect  of  preservative  treatment  by  use  of 
creosote-petroleum"  includes  service  records  of  ties  treated  with  creosote-petroleum  solu- 
tions in  Northern  Pacific,  Reading  and  Santa  Fe  tracks.  Some  of  the  ties  reported  by 
these  service  records  are  more  than  30  years  old  and,  in  the  opinion  of  the  committee, 
this  fact  fully  demonstrates  the  efficiency  of  creosote-petroleum  as  a  preservative. 

A  Statistical  Approach 

The  extent  of  use  of  this  preservative  is  shown  by  reports  prepared  by  R.  K. 
Helphenstine,  Jr.,  of  the  Forest  Service,  United  States  Department  of  Agriculture,  in 
cooperation  with  the  American  Wood-Preservers'  Association,  which  indicate  that,  in 
1941,  the  percentages  of  material  treated  with  creosote-petroleum  solution  compared 
with  the  total  material  treated  in  the  United  States  with  all  preservatives  were  as  follows: 

36.70  percent  of  all  crossties 
31.85  percent  of  all  switch  ties 
44.18  percent  of  all  bridge  lumber 

6.96  percent  of  all  miscellaneous  construction  timbers 

2.66  percent  of  all  piles 

The  Helphenstine  report  further  shows  that  a  total  of  62,864,714  gal.  of  creosote- 
petroleum  solutions  was  used  by  the  treating  plants  of  the  United  States  in  1941. 
Tabulations  for  an  18-year  period,  which  appear  in  Appendix  A,  show  by  years  the 
rapid  increase  in  the  quantity  of  wood  treated  with  creosote-petroleum.  This  rapid  in- 
crease and  the  large  percentage  of  all  timber  now  being  treated  with  creosote-petroleum 
are  evident  justification  of  demands  for  a  specification  for  this  preservative. 

Your  committee  is  of  the  opinion  that  separate  specifications  for  treatment  using 
creosote-petroleum  solution  are  unnecessary,  as  present  specifications  are  adequate  for 
the  purpose  if  creosote-petroleum  is  added  to  the  preservatives  now  permissible  in  these 
specifications.  Your  committee  will  undertake  to  make  such  additions  to  the  present 
standard  treating  specifications. 

It  is  recommended  that  work  on  this  assignment  be  continued  with  a  view  to  the 
preparation  of  specifications  for  adoption  by  the  Association  as  follows: 

Specifications  for  petroleum  for  blending  with  creosote. 

Specifications  for  creosote  for  blending  with  petroleum.  (If  creosote  of  present 
standard  is  not  satisfactory  for  this  purpose) 

Specifications  for  various  creosote-petroleum  solutions  that  may  be  used  for 
preservative  treatment. 

Methods  of  analysis  of  creosote-petroleum  solutions  that  may  be  used  for 
preservative  treatment. 
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Appendix  A* 

Total  Ties  Treated  in  the  United  States,  Total  Ties  Treated  With  Creosote- 
Petroleum  Solutions  and  Percent  of  Total  Ties  Treated  With 
Creosote-Petroleum  Solutions,  from  1924  to  1941,  Inclusive 


Total  Ties 
Treated  All 

Year  Treated  Preservatives 

1924 62,632,710 

1925 62 ,563 , 911 

1926 62,654,538 

1927 74,231,840 

1928 70,114,405 

1929 71,023,103 

1930 63,267,107 

1931 48,611,164 

1932 35,045,483 

1933 22,696,565 

1934 28,459,587 

1935 34,503,147 

1936 37,952,129 

1937 44,803,239 

1938 44,598,678 

1939 35,748,845 

1940 42,666,598 

1941 47,664,019 


Total  Ties 

Percent 

Treated 

Treated 

Creo.-Pet. 

with  Creo.- 

Solutions 

Pet.  Solutions 

7,430,840 

11.9 

9,229,599 

14.9 

9,376,380 

15.0 

15,791,147 

21.3 

17,719,179 

25.2 

18,515,738 

26.1 

16,358,893 

25.9 

12,203,997 

25.1 

8,375,473 

23.9 

7,468,335 

32.9 

8,887,936 

31.2 

12,253,422 

35.5 

14,848,645 

39.1 

16,258,780 

36.3 

16,608,565 

37.2 

14,663,119 

41.0 

18,354,873 

43.0 

17,491,742 

36.7 

889,237,068   241,836,663 


27.2 


*  Data  from  annual  reports  prepared  by  R.  K.  Helphenstine,  Jr. 


Total  Switch  Ties  Treated  in  the  United  States,  Total  Switch  Ties  Treated  With 

Creosote-Petroleum  Solutions,  and  Percent  of  Total  Switch  Ties  Treated 

With  Creosote-Petroleum  Solutions  from  1924  to  1941,  Inclusive 

Quantity,  Feet,  Board  Measure 

Total  Total  Percent 

\  Treated  in  Treated  with  Treated  with 

U.  S.,  All  Creo.-Pet.  Creo.-Pet. 

Year  Treated                                                 Preservatives  Solutions  Solutions 

1924 105,108,508  21,947,187  20.9 

1925 163,401,124  13,246,970  8.1 

1926 158,128,637  25,792,780  16.3 

1927 182,411,211  36,282,377  19.9 

1928 174,401,401  28,411,891  16.3 

1929 173,107,698  38,347,367  22.2 

1930 175,472,552  33,415,310  19.0 

1931 130,770,378  20,706,317  15.8 

1932 103,246,473  20,339,958  19.7 

1933 65,163,331  8,492,857  13.0 

1934 81,341,922  21,184,217  26.0 

1935 94,037,859  32,939,701  35.0 

1936 103,229,321  19,707,103  19.1 

1937 115,377,605  33,985,956  29.5 

1938 105,352,119  28,050,408  26.6 

1939 102,231,763  29,988,298  29.3 

1940 106,309,739  42,285,247  39.8 

1941 142,277,936  45,307,744  31.8 


2,281,369,577       500,431,688 


21.9 
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Total  Miscellaneous  Construction  Timbers  Treated  in  the  United  States,  Total 

Miscellaneous   Construction   Timbers  Treated  With   Creosote-Petroleum 

Solutions,  and  Percent  of  Total  Miscellaneous  Construction 

Timbers  Treated  With  Creosote-Petroleum  Solutions 

from  1924  to  1941,  Inclusive 

Quantity.  Feet.  Board  Measure 

Total                     Total  Percent 

Treated  in          Treated  ivith  Treated  with 

U.  S.,  All           Creo.-Pet.  Creo.-Pet. 

Year  Treated                                                Preservatives           Solution  Solutions 

1924             127,224,823       35,800  0.03 

1925  .:  74,625,772      564,046  0.7 

1926  -  107,229,863    4,474,327  4.2 

1927  79,838,076    1,998,142  2.5 

1928      69,777,529    10,153,247  14.6 

1929                   88.837,167    13,196,248  14.9 

1930  -   88,698,334    5,770,509  6.5 

1931  ...       116,348,311     7,846,131  6.7 

1932  .   60,278,123    8,724,148  14.5 

1933  .  _      ._   71,142,175    5,186,900  7.3 

1934  ...   83,141,688    4,730,415  5.7 

1935  .   70,007,763    3,222,385  4.6 

1936  -.  105,396,963    6,150,234  5.8 

1937  _  148,000,435    24,984,675  16.9 

1938  _  ..  136,532,681    11,499,861  8.4 

1939  ..  101,473,646    14,840,261  14.6 

1940  .  .           __.   92,014,035    9,274,858  10.1 

1941  136,813,381     9,517,776  7.0 


1,757,380,765       142,169,963 


5.1 


Total  Bridge  Lumber  Treated  in  the  United  States,  Total  Bridge  Lumber  Treated 

With  Creosote-Petroleum  Solutions,  and  Percent  of  Total  Bridge 

Lumber  Treated  With  Creosote-Petroleum  Solutions 

from  1924  to  1941,  Inclustve 

Quantity,  Feet,  Board  Measure 

Total                     Total  Percent 

,                                                           Treated  in          Treated  with  Treated  with 

U.  S.,  All           Creo.-Pet.  Creo.-Pet. 

Year  Treated                                                   Preservatives            Solution  Solutions 

1924 59,161,424                26,700  0.5 

1925^    ..     ..     97,882,530           5,495,650  5.6 

1926 108,408,941         14,792,413  13.6 

1927 128,290,660           7,892,762  6.2 

1928 .         : 172,115,440         15,533,820  9.0 

1929 153,608,577         14,061,934  9.2 

1930 ._     ..           139,462,099         11,902,428  8.5 

1931 83,140,549         15,579,655  18.7 

1932 61,168,862           3,874,166  6.3 

1933 ._..._.               .       74,738,848           8,161,863  10.9 

1934 .             100,284,115         28,501,904  28.4 

1935 118,191,905         13,646,334  11.5 

1936 ..       .                   ...         139,774,684         24,412,765  17.5 

1937 76,960,505         15,863.,201  20.6 

1938 ..     ..       51,004,285         13,365,701  26.2 

1939 ..       52,551,676         16,784,696  31.9 

1940 .               .       57,943,404         18,881,351  32.6 

1941 53,243,722         23,521,063  44.2 


1,727,932,226       252,298,406 


14.6 
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Total  Piles  Treated  in  the  United  States,  Total  Piles  Treated  with  Creosote- 
Petroleum   Solutions,  and  Percent  of  Total   Pills  Treated  with 
Creosote-Petroleum  Solutions  from   1924  to  1941,  Inclusive 


Year  Treated 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

1941 


Quant i tx,  Feet, 

Board  Measure 

Total 

Total 

Percent 

Treated  in 

Treated  with 

Treated  with 

U.  S.,  All 

Creo.-Pet. 

Creo.-Pet. 

Preservatives 

Solution 

Solutions 

17,278,954 

No  figures 
61,890 
64,657 
17,496 
97,798 

14,249,220 

0.43 

18,366,075 

0.35 

17,187,377 

0.  10 

.       20,206,112 

0.48 

25,324,255 

251,999 

1.00 

.       25,176,923 

623,642 

2.48 

17,920,864 

211,334 

1.18 

10,077,675 

221,935 

2.20 

9,172,871 

412,386 

4.50 

12,773,435 

75,210 

0.59 

12,678,607 

663,428 

5.23 

19,119,278 

571,382 

2.99 

17,697,920 

789,115 

4.46 

12,751,961 

486,074 

3.81 

21,655,737 

777,095 

3.59 

23,154,902 

581,571 

2.51 

31,899,563 

848,935 

2.7 

326,691,729 

6,755,957 

2.1 

Report  on  Assignment  5 

Destruction  by  Termites  and  Possible  Ways  of  Prevention 

Hermann  von  Schrenk   (chairman,  subcommittee),  S.  J.  Buckman,  W.  F.  Clapp,  John 
Foley,  O.  E.  Hager.  F.  W.  Hillman,  B.  D.  Howe,  M.  F.  Jaeger,  W.  A.  Summerhays. 

This  report  is  presented  as  information. 

There  is  little  to  report  this  year  as  to  unusual  activities  of  termites  except  thut 
these  insects  are  continuing  to  be  extremely  active.  It  was  decided  to  leave  the  exposure 
test  plot  at  Florissant,  Mo.,  undisturbed  for  another  year.  The  present  program  is  to 
dig  up  the  stakes  at  the  end  of  the  1943  summer.  The  reason  for  this  is  that  during  the 
spring  and  far  into  the  summer  of  1942  there  were  such  heavy  rains  that  the  ground 
was  thoroughly  saturated  during  the  period  when  termites  are  most  active.  It  was 
assumed  that  this  had  probably  drowned  them  out  temporarily,  and  if  the  stakes  had 
been  dug  up  as  originally  planned,  an  incorrect  pxture  might  have  been  obtained.  This 
was  confirmed  by  pulling  out  one  or  two  of  the  untreated  stakes  placed  at  random  in 
the  field,  since  none  of  these  showed  any  material  attack  by  termites. 

The  one  thing  that  the  committee  wishes  to  report  this  year  is  further  substantia- 
tion of  the  value  of  termite  shields.  Early  in  the  summer,  after  the  heavy  rains,  termites 
were  found  attacking  two  large  oak  tubs  placed  on  a  terrace  of  one  of  the  homes  west  of 
St.  Louis.  Plants  were  growing  in  the  tubs,  which  were  approximately  15  in.  in  diameter 
at  the  bottom,  20  in.  at  the  top,  and  about  20  in.  high.  Termites  had  built  many  tunnels 
from  the  brick  terrace  up  the  sides  over  the  top  of  the  staves  and  into  the  dirt  in  the 
tubs. 

In  view  of  the  extraordinary  activity  of  the  termites,  it  was  decided  to  make  a  test 
to  see  if  a  shield  placed  under  a  tub  would  stop  their  activity.    One  of  the  tubs  was 
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View  of  the  Shield  in  Position  Under  the  Tub. 

moved  and  disclosed  countless  termites  running  around  on  the  bricks.  A  crib  about  8  in. 
high  was  built  of  extremely  sappy  dry  southern  pine,  2  by  4  pieces.  This  was  placed 
exactly  on  the  spot  where  the  tub  had  stood.  On  top  of  this  a  termite  shield  was  placed. 
Great  care  had  been  taken  to  have  the  proper  dimensions  for  the  overhanging  portion 
and  also  to  have  all  the  sections  soldered.  The  tub  showing  the  greatest  termite  activity 
was  placed  on  the  center  of  the  shield. 

Two  weeks  later  an  examination  of  the  tub  and  shield  revealed  the  astonishing  fact 
that  the  termites  had  constructed  a  tunnel  extending  around  the  edge  of  the  shield  and 
connecting  with  a  tube  on  the  side  of  the  tub.  There  were  of  course  two  possibilities  as 
to  what  had  happened:  (1)  That  the  termites  had  come  out  of  the  ground  and  built  the 
tube  up  over  the  edge  of  the  shield,  or  (2)  that  the  termites  left  in  the  tub  had  built  a 
tunnel  down  over  the  side  of  the  tub  and  down  over  the  shield  possibly  in  their  endeavor 
to  get  to  moisture.  The  underside  of  the  shield  where  the  tub  rested  on  the  untreated 
2  by  4  pieces  was  covered  with  earthen  tubes. 

To  test  both  theories,  the  tub  was  lifted  off  the  shield;  all  the  tunnels  on  the  sides 
of  the  tub  were  destroyed;  the  tub  was  turned  upside  down;  and  using  a  stick  as  a 
hammer  the  tub  was  beaten  to  dislodge  as  many  termites  as  possible.  The  tub  was  then 
replaced  on  the  shield.  Within  a  month  all  termite  activity  had  apparently  ceased.  No 
more  tubes  were  built  on  top  of  the  shield.  It  was  therefore  plain  that  the  termites  had 
not  built  a  tunnel  up  over  the  shield,  but  that  the  termites  in  the  tub  had  built  it  down. 
The  photographs  illustrate  the  situation. 

The  committee  regards  this  as  a  rather  striking  confirmation  of  the  recommendations 
made  by  Dr.  Snyder  and  the  committee  in  its  previous  reports  (see  Proceedings,  Vol.  42, 
page  514)  that  properly  constructed  shields  may  be  regarded  as  a  100  percent  deterrent 
to  the  advance  of  termites  to  parts  of  a  building  above  the  foundation  wall. 

The  placing  of  metal  shields  over  stone,  concrete,  or  wood  pedestals  or  posts  will 
keep  the  termites  from  getting  into  the  floor  stringers,  etc.,  via  the  posts.  This  will  not 
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Top  View  of  the  Shield,  Showing  Termite  Tunnel  Extending  Over  the  Edge. 


prevent  the  termites  from  building  tubes  from  the  ground  directly  up  to  the  underside 
of  sills  or  stringers  without  any  support  except  the  tubes  themselves  if  the  distance  is 
only  a  few  inches.  There  is  danger  of  tubes  being  built  along  the  stems  of  weeds  or 
heavy  grass  which  come  in  contact  with  building  sills  between  foundation  pedestal 
supports. 

One  of  the  members  of  the  committee  states  that  several  years  ago  near  Harlingen, 
Tex.,  a  termite  tunnel  which  spanned  a  space  of  three  or  four  inches  was  built  along  the 
surface  of  a  very  heavy  spider  web.  Of  course,  in  many  such  cases  tunnels  constructed 
in  this  manner  would  not  be  likely  to  remain  serviceable  very  long.  However,  termites 
are  persistent  in  repairing  them,  and  if  termite  damage  is  to  be  avoided  altogether,  care 
should  be  exercised  to  eliminate  grass  and  weed  growth  under  buildings.  There  is  always 
the  danger  of  tunnels  being  built  from  the  ground  to  sills  or  wooden  floor  members 
unless  the  clearance  is  at  least  four  inches. 

One  other  point  which  the  committee  wishes  to  emphasize  is  that  the  term  "termite 
shield"  is  frequently  misused  to  apply  to  soil  poisoning.  Possibly  the  term  should  be 
changed  to  "metal  termite  shield".  In  all  publications  of  this  committee  "termite  shield" 
means  "metal  termite  shield". 


PROCEEDINGS 


Letter  from  C.  H.  Buford 

Report  of  the  President 

Report  of  the  Secretary 

Report  of  the  Treasurer 

Letter  Ballot  on  Manual  Material 

Discussion 


ASSOCIATION  OF  AMERICAN  RAILROADS 

OPERATIONS   AND    MAINTENANCE    DEPARTMENT 

TRANSPORTATION     BUILDING 

Washington,  D.  C. 

C.    H.   BUFORD 

VICE  PRESIDENT 

March  1,  1943 
To  the  Members  of  the  AREA: 

Your  Board  of  Direction  is  to  be  highly  commended  for  its 
decision  to  cancel  the  annual  meeting  which  was  scheduled  for  March 
16-18,  1943.  I  realize  that  this  action  results  in  breaking  an  unin- 
terrupted record  of  annual  meetings  over  a  period  of  43  years,  and 
that  your  committees  will  be  denied  the  benefits  which  they  would 
have  derived  from  the  comments  and  criticisms  of  their  reports. 
However,  regardless  of  any  handicap  which  your  Association  may 
suffer  by  reason  of  the  action  taken,  the  fact  remains  that  these 
times  require  the  realistic  handling  of  such  matters  and  the  Board 
of  Direction  was  thoroughly  justified  in  its  decision. 

The  arrangement  announced  in  President  Clark's  letter  of  Decem- 
ber IS,  1942,  through  which  the  work  of  your  Association  will  be 
carried  on  by  correspondence  and  other  means  consistent  with  the 
war  conditions,  should  suffice  in  your  efforts  to  meet  the  demands 
imposed  upon  you  in  your  status  as  the  Construction  and  Mainte- 
nance Section  of  the  Engineering  Division. 

The  fact  that  the  committees  are  being  urged  to  direct  their 
work  along  lines  having  a  pertinent  bearing  on  the  war  effort  and 
on  conditions  brought  about  by  the  war  is  reflected  in  the  reports 
appearing  in  recent  bulletins.  The  war  has  created  a  multitude  of 
problems  that  demand  your  concerted  attention,  and  with  proper 
direction  and  earnest  effort,  your  Association  will  render  as  much 
service  to  the  railroads  during  the  coming  year  as  it  has  at  any 
time  in  the  past. 

Regular  and  special  committees  have  already  performed  valu- 
able service  in  connection  with  various  emergency  assignments,  and  I 
am  sure  that  work  of  this  character  will  be  handled  even  more 
expeditiously  in  the  future  as  the  special  procedures  become  more 
thoroughly  established.  It  affords  an  added  field  for  usefulness  of 
your  Association  which  should  offset  any  possible  loss  of  effectiveness 
which  you  may  experience  in  your  regular  activities  until  such  time 
as  circumstances  permit  the  restoration  of  your  annual  meetings. 
Yours  very  truly, 
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PRESIDENT'S  REPORT  TO  MEMBERS 

This  year  we  willingly  forego  the  profit  and  advantage  inherent  in  an  annual  meet- 
ing of  a  professional  organization  such  as  the  American  Railway  Engineering  Associa- 
tion. That  is  one  of  the  handicaps  imposed  by  war  conditions,  so  it  is  not  to  be  my 
privilege  to  address  you  personally.  Instead,  I  take  this  opportunity  to  report  to  you  the 
emergency  actions  taken  during  the  year  and  the  present  condition  of  our  Association. 

In  the  past  year,  during  which  I  have  been  allowed  to  serve  the  AREA  as  presi- 
dent, unusual  emergency  conditions  have  developed  in  the  railroad  industry.  I  trust  our 
Association  has  done  its  part  in  making  possible  the  splendid  job  the  railroads  have 
done.  I  believe  it  has  and,  if  so,  it  is  due  to  the  wise  guidance  of  the  Board  of  Direc- 
tion and  the  loyal,  efficient  work  of  the  secretary  and  staff.  I  express  to  them  my  deep 
appreciation  of  their  help  and  advice.  I  cannot  speak  too  strongly  of  the  splendid  way 
in  which  the  chairmen  and  all  members  of  the  standing  and  special  committees  have 
carried  on,  nor  emphasize  too  highly  the  value  of  the  work  they  have  done.  The  reports 
submitted,  which  are  in  your  hands,  speak  for  themselves.  They  merit  your  careful 
study  and  consideration.  I  stress  this  since  the  high  spots  cannot  be  emphasized  in 
presentations,  as  has  been  done  in  other  years. 

As  emergency  conditions  began  to  develop  and  action  became  necessary,  your  officers 
and  Board  of  Direction  decided  that,  if  the  Association  were  to  discharge  its  responsi- 
bility and  perform  its  duty,  precedents  must  be  broken  and  unusual  measures  adopted. 
We  have  attempted  to  keep  you  advised  of  all  of  this  as  it  occurred. 

Special  Committees 

From  time  to  time,  we  have  been  called  upon  to  suggest  members  for  special  service. 
Among  such  assignments  have  been  representation  on  the  following  committees: 

Technical  Advisory  Committee  on  Rail  and  Track  Accessories. — This  committee,  ap- 
pointed by  Mr.  C.  L.  Warwick  of  the  War  Production  Board,  was  asked  to  recommend 
specifications  for  exclusive  application  in  the  manufacture  of  materials  covered,  for  the 
purpose  of  stepping  up  production  for  civil  as  well  as  war  needs. 

AAR  Special  Committee  on  Specifications. — The  work  of  this  committee  was  some- 
what parallel  to,  but  much  more  extensive  than  that  of  the  Technical  Advisory  Com- 
mittee mentioned  above.  This  committee,  appointed  by  Vice-President  C.  H.  Buford 
of  the  Association  of  American  Railroads,  was  composed  of  representatives  of  the  Engi- 
neering and  Mechanical  Divisions,  and  the  Telegraph  and  Telephone  Section  of  the 
Operating-Transportation  Division.  As  a  result  of  the  work  of  this  committee,  lists  of 
specifications  were  prepared  and  recommended  for  use  by  all  railroads  for  the  duration 
of  the  emergency  period. 

Committee  on  Conservation  of  Rubber. — This  committee,  suggested  by  the  Mechanical 
Division,  was  appointed  to  deal  with  the  miscellaneous  uses  of  rubber,  other  than  for 
cars  and  locomotives  and  for  wire  and  cable.  A  number  of  valuable  suggestions  for 
conservation  of  rubber  were  made. 

Committee  on  Released  Rail. — At  Mr.  Buford's  request,  this  committee  met  with  repre- 
sentatives of  the  Office  of  Defense  Transportation  and  other  units  of  the  federal  govern- 
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ment  to  discuss  plans  for  and  procedure  to  be  followed  in  making  available  second-hand 
rail  for  use  of  the  Army  and  Navy.  The  recommendations  made  were  of  material  assist- 
ance in  solving  this  difficult  problem  and  were  of  substantial  value  to  the  railroad 
industry. 

Committee  on  New  Rail  Allotment. — When  it  became  evident  that  the  tonnage  of  new 
rail  deemed  necessary  and  ordered  by  the  railroads  could  not  be  supplied,  this  com- 
mittee, named  by  Mr.  Buford  and  appointed  by  the  ODT,  after  conferences  in  Washing- 
ton, consulted  with  engineering  officers  of  individual  railways  and  submitted  a  report 
to  the  ODT,  which,  while  no  doubt  not  satisfactory  to  all  concerned,  was  helpful  in 
overcoming  difficulties  which  had  developed  and  was  at  least  reasonably  fair  to  all 
affected. 

Many  Problems  Presented 

In  addition  to  these  activities,  which  have  been  conducted  in  accordance  with 
rather  well-defined  procedures  and  are  a  matter  of  definite  record,  your  Association 
has  been  called  on  for  assistance  in  a  variety  of  problems,  usually  of  an  emergent 
nature  demanding  informal  action  and  equally  informal  reports.  In  this  category  there 
have  been  included  the  investigations  of  the  effect  of  limitation  orders  of  the  WPB 
affecting  the  purchases  of  manila  and  wire  rope,  anti-checking  irons,  stress  grade  lumber, 
track  tools  and  railway  trackwork.  Because  of  the  time  element,  it  has  been  the  practice 
to  call  into  conference  members  of  the  Association,  who  were  not  only  thoroughly  con- 
versant with  the  points  at  issue  but  were  most  readily  available,  giving  due  consideration 
to  the  severe  limitations  imposed  on  travel. 

Your  officers  are  keenly  conscious  of  the  importance  of  broad  representation  of  the 
membership  in  deliberations  affecting  the  railroads,  and  this  principle  has  been  applied 
wherever  it  has  been  practical  to  do  so.  But  on  some  occasions  expedition  outweighed 
all  other  considerations,  since  it  offered  the  only  means  of  insuring  that  the  Association 
could  be  of  service  to  the  railway  industry. 

The  various  groups  described  above  were  not  AREA  committees  nor  was  their 
work,  strictly  speaking,  an  activity  of  that  Association.  However,  the  personnel  was 
selected  from  the  membership  of  the  Association,  their  work  is  a  credit  to  the  Associa- 
tion, of  value  to  the  railroads  as  a  whole,  and,  we  believe,  to  our  country.  I  cannot 
express  too  strongly  my  appreciation  of  the  way  in  which  these  busy  men  responded 
to  the  requests  that  they  serve,  nor  speak  too  highly  of  the  wholehearted  way  in  which 
they  undertook  the .  assignments  given  them.  It  has  been  such  men,  standing  ready  at 
all  times  to  give  their  best,  who  have  placed  this  Association  in  the  enviable  position  it 
occupies  today. 

The  increased  activity  of  the  Association  has  had  to  do,  principally,  with  the  prob- 
lems growing  out  of  the  scarcity  of  material  in  general  and  especially  certain  very 
critical  ones.  The  objective  has  been  to  eliminate  entirely  or,  at  least,  reduce  the  use  of 
very  critical  materials  and  to  so  simplify  and  standardize  specifications  and  procedures 
that  production  of  all  supplies  would  be  increased.  Several  measures  designed  to  bring 
this  about  have  been  suggested  and  adopted.  In  general,  they  may  be  summed  up  as 
conservation,  substitution,  reclamation  and  simplification.  Equal  progress  has  not  been 
possible  in  all  these  lines  of  approach  but.  the  work  done  by  the  standing  and  all 
special  committees  has  been  of  great  value.  All  members  of  the  Association  and  the 
chief  operating  and  engineering  officers  of  all  roads  have  been  advised  currently  by  the 
secretary  of  all  emergency  measures  adopted,  colored  sheets  being  issued  carrying  the 
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modified  recommendations,  specifications  and  standards,  with  the  definite  understanding 
that  these  are  effective  for  the  emergency  only.  At  its  termination,  they  automatically 
become  void. 

Emergency  Procedure  Adopted 

The  constitution  of  the  AREA  recognizes  one  method  only  for  the  adoption  or 
modification  of  specifications  and  standards — that  is  by  action  of  the  members  at  the 
annual  meeting.  This  procedure  would  not  answer  in  the  present  emergency  and  one 
of  the  most  difficult  problems  presented  was  to  devise  means  and  set  up  a  plan  and  fine 
of  authority  which  would  permit  modification  of  Manual  material  to  become  effective 
at  once,  without  waiting  for  formal  action  of  the  Association  at  its  annual  meeting. 
The  first  approach  to  this  problem  was  to  authorize  the  committees  themselves  to  estab- 
lish modified  practices  by  letter  ballot  of  their  personnel  and  without  subsequent  ratifi- 
cation by  some  advisory  body.  It  was  soon  found  that  this  did  not  allow  action  with 
the  speed  that  was  sometimes  necessary  and  another  procedure  had  to  be  developed. 

As  has  been  said,  there  had  been  frequent  occasions  for  the  appointment  of  com- 
mittees to  serve  some  special  purpose  and  to  handle  some  particular  problem  on  short 
notice.  The  success  with  which  these  committees  had  functioned  and  the  promptness 
with  which  they  had  handled  their  assignments  suggested  the  idea  that  it  would  be 
possible  to  set  up  small  permanent  committees  so  that  groups,  qualified  by  experience 
in  the  field  and  service  on  committees,  would  be  available  at  once  to  consider  each 
problem  as  it  developed.  These  committees  were  empowered  to  ratify  emergency  recom- 
mendations of  the  standing  committees. 

Your  president,  acting  in  his  capacity  as  chairman  of  the  Engineering  Division, 
AAR,  and  at  the  request  of  Vice-President  Buford,  appointed  the  following  committees: 

Roadway  and  Track  Problems 

W.  H.  Penfield  (chairman) ,  Ch.  Engr.,  C.  M.  St.  P.  &  P.,  Chicago (Com.    4) 

J.  B.  Akers,  Asst.  Ch.  Engr.,  Southern  Railway,  Washington,  D.  C 

S.  E.  Armstrong,  Engr.  M.  of  W.,  N.  Y.  C.  System,  New  York 

H.  R.  Clarke,  Ch.  Engr.,  Burlington  Lines,  Chicago   

C.  J.  Geyer,  Engr.  M.  of  W.,  C.  &  O.,  Richmond,  Va 

J.  L.  Gressitt,  Ch.  Engr.  Sys.,  Pennsylvania  Railroad,  Philadelphia  

Structural  Problems 

J.  E.  Bernhardt  (chairman),  Brdg.  Engr.,  C.  &  E.  I.,  Chicago  (Com.  IS) 

R.  P.  Hart,  Brdg.  Engr.,  Missouri  Pacific,  St.  Louis,  Mo "         7 

J.  F.  Leonard,  Engr.  B.  &  B.,  Pennsylvania  Railroad,  Pittsburgh,  Pa "         8 

C.  E.  Sloan,  Engr.  of  Brdgs.,  B.  &  O.,  Baltimore,  Md "       IS 

Water  Supply  and  Water  Treatment 

R.  C.  Bardwell  (chairman),  Supt.  Water  Supply,  C.  &  O.,  Richmond,  Va (Com.  13) 

R.  E.  Coughlan,  Engr.  of  Tests,  C.  &  N.  W.,  Chicago  " 

W.  L.  Curtiss,  Mech.  Engr.,  N.  Y.  C.  Railroad,  New  York   " 

A.  B.  Pierce,  Engr.  of  Water  Supply,  Southern  Railway,  Washington,  D.  C.  . .      "         " 

Ties  and  Wood  Preservation 

H.  R.  Duncan  (chairman),  Supt.  Timber  Preservation,  C.  B.  &  Q.,  Galesburg, 

111 (Com.  17) 

R.  S.  Belcher,  Mgr.  Treating  Plants,  A.  T.  &  S.  F.,  Topeka,  Kans "         " 

W.  J.  Burton,  Asst.  to  Ch.  Engr.,  Missouri  Pacific,  St.  Louis,  Mo "         3 

W.  D.  Simpson,  Asst.  Ch.  Engr.  M.  of  W.,  Seaboard  Air  Line,  Norfolk,  Va.  . .      "         " 

Representing  the  Board  of  Direction 
H.  R.  Clarke  (chairman)  F.  R.  Layng  E.  M.  Hastings  A.  R.  Wilson 
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Recommendations  for  emergency  action  initiated  by  any  of  the  standing  commit- 
tees, or  acted  upon  by  them  at  the  request  of  others,  are  referred  to  the  appropriate 
emergency  technical  committee  and  upon  ratification  by  that  committee  are  submitted  to 
the  Emergency  Committee  Representing  the  Board  of  Direction  for  approval.  Upon 
approval,  the  secretary  issues  appropriate  notices.  It  has  been  necessary  to  consider 
a  number  of  modifications,  proceeding  as  outlined  above,  and  the  results  so  far  justify 
the  plan.  All  such  emergency  provisions  are  for  the  period  of  the  emergency  only. 

The  committees,  in  addition  to  passing  on  recommendations  for  emergency  provi- 
sions, also  stand  ready  to  deal  with  various  special  assignments  which,  judging  from 
the  experience  of  the  past  few  months,  will  be  presented  from  time  to  time. 

The  Association  is  in  a  satisfactory  financial  condition,  as  will  be  seen  by  referring 
to  the  reports  of  the  secretary  and  treasurer,  which  I  trust  you  will  read  carefully. 

During  recent  years  membership  in  the  Association  has  not  been  showing  satisfac- 
tory growth,  for  reasons  well  known  to  you,  and  present  world  conditions  are  not  such 
as  to  make  possible  any  great  advance  at  this  time.  Your  Board  of  Direction  is  not 
unmindful  of  the  fact  that  continual  growth  is  necessary  to  any  healthy  body  and  has 
taken  such  action  to  increase  membership  as  is  deemed  consistent  with  the  dignity  and 
prestige  of  our  Association.  Some  progress  has  been  made. 

Progress  in  Research  Work 

Under  the  general  direction  of  the  Association,  acting  in  its  capacity  as  the  Con- 
struction and  Maintenance  Section  of  the  Engineering  Division,  AAR,  and  the  closer 
supervision  of  the  Research  Committee  of  the  General  Committee,  research  activities 
comprised  an  important  phase  of  the  Association's  work  in  1942.  In  September  1941,  a 
research  staff  employed  under  the  supervision  of  the  research  engineer  of  the  Engineer- 
ing Division  was  set  up  to  function  as  a  service  agency  for  the  conduct  of  investiga- 
tions bearing  on  the  subjects  assigned  to  the  various  committees.  Many  of  the  com- 
mittees took  advantage  of  this  opportunity  and  the  budget  for  research  activities  re- 
quested for  1942  and  approved  by  the  AAR  totaled  $87,932.  Considerable  difficulties 
were  experienced  during  the  year  in  securing  and  maintaining  adequate  personnel  and 
equipment  to  progress  the  research  work  to  the  fullest  extent,  but  in  general  the  pro- 
gram, as  outlined  for  the  year,  has  been  carried  on  substantially  in  accordance  with  the 
schedule. 

Considerable  progress  was  made  during  the  year  on  the  tests  of  locomotive  counter- 
balance carried  out  for  the  Joint  Committee  on  Relation  Between  Track  and  Equip- 
ment of  the  Engineering  and  Mechanical  Divisions.  Field  tests  were  completed  on  two 
high-speed  type  steam  locomotives  in  accordance  with  the  committee's  program  embrac- 
ing six  series  of  tests  with  various  arrangements  of  counterbalancing.  In  addition,  tests 
were  conducted  on  12  other  locomotives  to  determine  whether  recent  changes  made 
in  their  counterbalancing  had  resulted  in  sufficient  improvement  in  performance  to  war- 
rant operation  at  higher  speeds.  This  work  has  been  of  a  distinct  advantage  to  the 
railways'  participation  in  the  war  effort  because  the  results  thereof  have  indicated  that 
substantial  improvements  can  be  made  in  the  balancing  of  older  locomotives  and  thus 
permit  them  to  be  used  more  effectively  in  handling  the  heavy  volume  of  wartime 
traffic.  Although  the  field  work  in  connection  with  these  tests  has  been  concluded,  the 
final  analysis  and  reports  cannot  be  completed  until  about  mid-year  of  1943. 

Another  important  research  project  is  the  bridge  impact  investigation  for  the  Special 
Committee  on  Impact.  During  the  year  tests  were  conducted  on  six  I-beam  spans  from 
20  to  30  ft.  long  under  steam  and  Diesel  locomotives  for  the  particular  object  of  deter- 
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mining  impact  effects  of  track  irregularities  such  as  battered  rail  joints,  and  the  relative 
impact  effects  with  open  and  ballast  deck.  These  tests  have  indicated  that  a  material 
reduction  in  impact  is  obtainable  if  rail  joints  are  either  kept  off  the  span  or  are  main- 
tained in  a  condition  of  inappreciable  batter.  In  addition  to  this  work,  special  tests 
were  made  on  one  bridge  of  each  of  three  railways,  at  their  request  and  expense,  to 
determine  whether  the  stresses  were  excessive  for  the  traffic  being  handled.  This  work 
was  a  direct  contribution  to  the  war  effort  because  increased  demands  placed  upon  these 
structures  by  wartime  traffic  were  causing  concern  to  the  responsible  officers. 

Although  the  foregoing  two  projects  were  principal  ones  from  the  standpoint  of 
expense  involved,  many  other  projects  of  equal  importance  were  progressed  during  the 
year.  These  included  a  continuation  of  the  transverse  fissure  investigation,  periodical 
measurements  and  a  report  of  service  tests  of  joint  bars,  fatigue  tests  on  joint  bars  in 
the  rolling-load  machine  in  the  laboratory,  field  and  laboratory  investigation  on  welding 
of  manganese  trackwork,  rolling-load  tests  in  the  laboratory  to  determine  safe  wheel 
loads  with  respect  to  wheel  diameters,  a  study  of  shelling  of  rail  on  curves,  laboratory 
tests  to  determine  the  fatigue  strength  of  structural  welds,  tests  to  determine  the  rela- 
tive properties  of  pitch  and  asphalt  for  waterproofing,  an  investigation  of  bolt  tension  in 
track  bolts,  and  a  study  of  impact  effects  from  flat  spots  on  car  wheels.  Substantial 
progress  has  been  made  in  all  these  investigations  and  reports  are  included  on  most  of 
them  in  the  current  bulletins. 

The  sympathetic  understanding,  cooperation  and  assistance  of  Mr.  C.  H.  Buford, 
vice-president,  AAR,  and  his  staff  has  made  it  possible  to  accomplish  this.  I  wish  to  record 
my  appreciation  of  this  advice  and  support. 

While  members  may  take  pardonable  pride  in  the  Association's  achievements  since 
December  7,  1941,  even  more  satisfaction  is  to  be  derived  from  the  recognition  which 
AREA  recommended  practices  have  received  from  various  agencies  of  the  United  States 
government.  By  action  of  the  Army  and  Navy  many  of  the  Association's  specifications 
have  been  made  mandatory  for  the  construction  of  tracks  and  allied  structures  for 
military  and  naval  use  and  the  purchase  of  track  materials,  tools  and  appliances.  In  the 
measures  adopted  by  the  WPB  in  fostering  simplified  practice  as  applied  to  the  fixed 
properties  of  the  railroads  it  has  in  all  cases  used  AREA  recommendations  as  the  basis 
for  its  simplification  orders. 

Annual  Meeting  Deferred 

The  decision  to  defer  the  annual  meeting  was  the  most  difficult  we  have  had  to 
make.  This  unprecedented  step  was  taken  only  after  thorough  deliberation  and  with  the 
greatest  reluctance.  While  it  breaks  the  continuity  of  annual  meetings  over  a  period  of 
43  years,  the  situation  confronting  us  today  is  without  precedent.  Shortages  of  material 
and  labor,  and  at  the  same  time  the  heaviest  traffic  both  passenger  and  freight,  and  the 
most  exacting  demands  ever  made  on  the  railroads  impose  a  burden  of  responsibility  on 
all  railway  men  which  affords  them  little  opportunity  to  leave  their  posts  of  duty.  It  is 
thought  that  such  time  as  the  members  can  spare  will  be  of  greater  value  if  directed 
to  committee  work  than  to  attendance  at  an  annual  meeting. 

With  the  exception  of  the  annual  meeting,  the  work  of  the  Association  has  been 
carried  on  so  far  as  possible  as  usual,  modified  only  as  has  been  necessary  to  permit  of 
prompt  decisions  being  made  and  action  taken  as  emergencies  arose.  The  committees 
have  carried  on,  some  times  under  difficulties,  and  have  done  outstanding  work.  I  ear- 
nestly urge  that  all  committee  chairmen  and  members  continue  to  work,  as  they  have 
in  the  past,  so  that  our  Association  may  not  lose  prestige  during  the  time  that  the 
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annual  meeting  must  be  suspended,  and  that  we  may  continue  to  give  to  the  railroad 
industry  that  constructive  guidance  in  maintenance  and  construction  engineering,  which 
it  has  so  long  been  our  privilege  to  render. 

It  is  the  opinion  of  the  Board  that  the  annual  meeting  could  not  be  justified  on 
the  ground  of  necessity  (the  only  reason  which  could  possibly  justify  it  under  present 
conditions)  since  it  is  possible  to  progress  the  work  of  the  committees  competently  for  a 
time  by  letter  ballot,  instead  of  annual  meeting  action,  in  determining  the  will  of  the 
membership  regarding  recommendations  covering  material  offered  for  the  Manual. 

In  canceling  the  annual  meeting,  the  Board  of  Direction  has  no  thought  whatever 
of  suspending  the  work  of  the  Association  or  lessening  our  activity  in  any  other  way. 
On  the  contrary,  the  experience  of  the  past  year  has  convinced  us  that  committee  work 
must  continue,  regardless  of  difficulties  which  may  arise.  The  committees  have  already 
done  much  of  direct  value  to  the  railroads  and  must  continue  to  meet  and  solve  any 
problems  which  may  arise  because  of  war  conditions. 

All  committee  reports  for  the  current  year  have  been  published  in  bulletin  form 
and  are  in  your  hands.  These  reports,  together  with  the  written  discussions,  for  which 
we  have  asked,  will  be  studied  by  a  committee  of  the  Board  which  will  review  and 
weigh  them  carefully,  as  nearly  as  possible  as  would  be  done  at  the  annual  meeting. 
Material  recommended  for  the  Manual  will  then  be  submitted  to  the  members  by  letter 
ballot  and  committee  reports,  written  discussions,  and  result  of  the  letter  ballot  will  be 
published  in  the  Annual  Proceedings  for  1943.  Revisions  of  and  additions  to  the  Manual 
(approved  by  letter  ballot  by  the  members)  will  be  issued  as  usual  in  the  annual 
supplement. 

The  Work  Must  Go  On 

Chairmen  of  committees  were  advised  of  their  tentative  outlines  of  work  and  per- 
sonnel for  the  coming  year  some  time  ago.  These  will  be  modified  promptly,  as  may 
be  necessary  as  a  result  of  the  letter  ballot  of  members,  and  final  information  will  be 
issued.  Many,  possibly  all,  of  the  committees  have  reorganized  their  subcommittees  and 
started  work  on  their  assignments.  In  some  cases,  probably  in  many,  the  work  of  the 
committees  will  be  carried  on  under  more  difficult  conditions  than  in  the  past.  That 
however,  together  with  the  recognized  importance  of  our  work  to  the  railroad  industry 
and  through  it  to  our  country  in  this  time  of  need,  should  spur  us  to  a  grim  determina- 
tion to  see  to  it  that  the  standard  of  the  work  done  is  not  lowered  and  the  usefulness 
of  our  Association  is  not  lessened.  Instead,  let  us  raise  the  standards,  increase  the  use- 
fulness and  prestige  of  our  Association,  and  make  it  more  vital  than  ever  in  winning 
the  war.  We  must  not  fail. 

Your  Board  of  Direction  is  keenly  aware  of  the  grave  responsibility  assumed  as  a 
direct  consequence  of  the  drastic  steps  taken  in  an  effort  to  meet  a  serious  crisis  in  the 
life  of  our  Association.  We  hope  you  agree  the  action  was  wise  and  concur  in  the  various 
measures  that  have  been  taken,  growing  out  of  that  decision.  Convinced  of  the  wisdom 
of  the  pioneer  founders  who  outlined  the  plan  and  laid  the  foundation  on  which  the 
AREA  has  built  an  enviable  reputation  for  valuable  service  to  its  members,  the  rail- 
ways and  the  people  they  serve,  we  look  forward  with  confidence  to  the  day  when 
the  established  procedure  may  be  resumed. 

H.  R.  Clarke, 

President. 
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March  1,  1943. 

To  the  Members: 

This  report  covers  the  calendar  year  of  1942  with  respect  to  finances  and  the  period 
from  March  1,  1942,  to  March  1,  1943,  so  far  as  all  other  activities  of  the  Association 
are  concerned.  On  either  basis  it  embraces  the  first  full  year,  since  "Pearl  Harbor",  a 
year  during  which  many  innovations  were  introduced  into  the  Association's  procedures 
and  objectives. 

The  report  published  a  year  ago  gave  no  clue  as  to  the  part  which  the  Association 
might  play  in  the  war  effort,  but  this  is  readily  explained  because  there  were  at  that  time 
too  few  indices  on  which  to  base  an  appraisal  of  the  place  that  the  AREA  could  occupy. 
As  a  matter  of  fact,  no  such  appraisal  was  ever  made;  the  Association  rendered  service 
as  opportunities  presented  themselves  until  gradually,  with  the  benefit  of  accumulated 
experience,  it  was  possible  to  develop  routine  procedures  which  would  insure  maximum 
effectiveness  in  applying  the  talents  of  the  personnel  to  each  problem  as  it  was  encoun- 
tered. 

As  the  role  of  the  Association  in  the  war  effort  is  the  subject  of  the  report  of  Pres- 
ident Clarke,  which  appears  on  another  page,  it  will  suffice  for  this  record  to  name  some 
of  the  innovations  which  have  been  introduced  to  meet  the  new  conditions.  Chief  among 
these  was  the  creation  of  an  emergency  organization  to  insure  prompt  action  in  the  dis- 
posal of  the  many  and  diverse  tasks  assigned  to  your  officers  by  the  Association  of 
American  Railroads  and  to  provide  for  the  approval  of  emergency  recommendations  sub- 
mitted by  the  various  committees  pursuant  to  their  study  of  special  assignments. 

While  a  considerable  part  of  these  extraordinary  activities  were  carried  on  through 
standing  committees  at  regular  meetings,  by  far  the  greater  portion  of  them  entailed  the 
holding  of  special  meetings  of  small  groups  as  circumstances  demanded,  supplemented  by 
extensive  correspondence.  On  the  whole,  the  trend  of  events  was  characterized  by  a 
closer  relationship  with  the  AAR  as  illustrated,  for  example,  by  the  issuance  from  the 
secretary's  office  of  17  individual  circulars  to  the  chief  engineering  officers  of  AAR 
member  roads. 

From  the  standpoint  of  its  effects  on  the  members  collectively  and  individually, 
perhaps  no  event  in  the  past  year  was  more  momentous  than  the  action  of  the  Board 
of  Direction  at  its  meeting  on  December  9,  1942,  in  cancelling  the  arrangements  for  the 
annual  meeting  which  was  to  have  been  held  on  March  16-18,  1943.  This  extraordinary 
action  called  for  other  innovations,  for  example,  the  decision  to  act  on  the  recommenda- 
tions of  the  committees  by  letter  ballot. 

To  sum  up  the  conventional  record  as  it  is  presented  under  appropriate  headings 
which  follow — the  accounts  of  the  Association  show  an  excess  of  receipts  over  expendi- 
tures of  $4,807.81 ;  there  was  an  increase  of  22  in  the  number  of  members,  bringing  the 
total  to  1,965;  the  committees  prepared  reports  totaling  626  printed  pages  compared 
with  616  pages  in  the  previous  year;  the  reprinting  of  the  Manual  was  completed  during 
1942  except  for  Chapters  11  and  IS  which  will  be  reissued  in  1943;  the  complete  revision 
of  the  Portfolio  of  Trackwork  Plans  undertaken  in  1939  was  concluded  in  March  1942, 
with  the  approval  of  the  last  group  of  plans  and  specifications;   research  work  in  the 
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interest  of  studies  being  carried  on  by  the  committees  has  been  augmented  as  larger 
appropriations  have  been  authorized  by  the  AAR,  the  total  for  the  Engineering  Division 
for  1942  being  $98,542. 

Finances 

The  financial  statement  for  the  calendar  year  of  1942,  which  appears  on  a  following 
page,  may  be  summarized  as  follows: 

Receipts   $31,500.26 

Disbursements  26,692.45 

Excess  of  receipts  over  disbursements  $  4,807.81 

This  is  the  largest  net  realized  in  any  recent  year,  and  in  view  of  the  fact  that  there 
were  good  reasons  a  year  ago  for  anticipating  a  deficit  from  the  operations  during  1942, 
an  explanation  is  in  order. 

In  the  first  place,  the  disbursements  were  less  than  anticipated  because  of  the 
necessity  of  deferring  two  items  of  expense  on  account  of  the  Manual  that  involved  an 
anticipated  outlay  of  around  $2,000.  In  the  program  for  reprinting  the  remaining  chap- 
ters of  the  Manual  (started  in  1941  with  the  reprinting  of  eight  chapters),  it  was  neces- 
sary to  withhold  Chapter  11 — Records  and  Accounts,  and  Chapter  15 — Iron  and  Steel 
Structures,  because  of  pending  extensive  revisions  and  rearrangements.  For  the  same 
reason,  it  was  found  advisable  to  withhold  certain  revision  sheets  from  the  1942  supple- 
ment which  was  therefore  appreciably  smaller  than  had  been  anticipated.  In  addition, 
500  new  Manual  binders  that  should  have  been  delivered  before  the  end  of  the  year 
were  not  received  until  January  1943,  so  the  cost  of  these  binders  was  not  included  in 
the  1942  disbursements. 

Another  reason  why  the  actual  results  were  better  than  the  budget  outlook  is  to 
be  found  in  the  conservative  position  that  has  been  taken  in  budget  making.  In  the 
face  of  unpredictable  trends  in  the  volume  of  both  revenues  and  expenses  it  has  been 
deemed  best  to  "stay  on  the  safe  side".  For  example,  the  defense  program  of  1940  and 
1941  resulted  in  a  marked  increase  in  the  sales  of  Manuals,  but  it  was  by  no  means 
certain  that  these  sales  would  be  actually  on  a  somewhat  higher  level  in  1942. 

It  is  of  interest  to  note  in  the  table  showing  the  comparison  of  receipts  and  dis- 
bursements for  an  eight-year  period  that  the  "normal"  expenditures  (excluding  the  outlay 
for  printing  and  reprinting  the  Manual  and  the  Track  Plans)  continue  on  a  fairly 
uniform  level.  While  there  is  no  practical  way  of  showing  a  similar  segregation  with 
respect  to  revenues,  it  will  be  observed  that  revenues  were  appreciably  greater  in  1937 
when  the  loose-leaf  Manual  was  first  placed  on  sale,  and  that  there  was  a  measurable 

Comparison  of  Receipts  and  Disbursements  for  an  Eight- Year  Period 

Disbursements 
Receipts         Normal        Manual*       Track  Plans 

1935    $29,001  $25,311  $4,799 

1936  28,643  25,050  9,612 

1937  36,523  23,605  8,595 

1938  28,422  23,394 

1939  28,189  22,969  $    878 

1940  28,272  24,000  665                 1,786 

1941  32,433  24,972  2,154                 2,258 

1942  31,500  23,235  2,505                    952 

*  Outlay  for  loose-leaf  Manual,  except  cost  of  annual  supplements. 
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increase  in  gross  income  during  1941  and  1942  because  of  the  sale  of  the  revised  Track 
Plans  and  the  augmented  demand  for  Manuals  brought  about  by  the  defense  program. 

Suitable  adjustments  to  take  account  of  these  special  conditions  would  undoubtedly 
show  that  the  revenues  from  normal  sources  were  reasonably  uniform  from  year  to  year. 
However,  in  the  face  of  uncertainties  as  to  the  future  outlook — with  respect  to  member- 
ship, sales  of  publications  and  the  unit  costs  that  would  affect  the  volume  of  expenditures 
— the  wisdom  of  a  conservative  financial  policy  is  clearly  indicated. 

Membership 

The  membership  record  for  the  period  from  March  1,  1942,  to  March  1,  1943,  was 
as  follows: 

Members  on  rolls  as  of  March  1,  1942   1,943 

New  members  99 

Reinstatements    20 

2,062 

Lost  by  death  26 

Resigned     28 

Dropped   43  97 

1,965 

Net   gain    22 

Membership  as  of  March  1,  1943   1,965 

The  composition  of  the  membership  as  of  March  1,  1943,  compared  with  March  1, 
1942,  is  as  follows: 

1942         1943 

Life  , 168  182 

Member   1,466  1,496 

Associate    272  249 

Junior    37  38 

1,943         1,965 

The  increase  of  22  in  the  number  of  members  compares  with  35  for  the  year  end- 
ing with  March  1,  1942,  and  29  for  the  corresponding  period  ending  March  1,  1941. 
Thus  there  has  been  a  net  increase  of  85  in  the  total  membership  since  March  1940, 
when  the  Association  was  confronted  with  a  record  low  of  1,880  in  its  membership  roll. 
The  current  trend  follows  the  normal  fluctuation  in  the  membership;  more  applications 
for  membership  are  invariably  received  during  periods  of  increasing  volume  of  railway 
traffic. 

According  to  information  received  in  the  secretary's  office,  67  members  are  in  mili- 
tary service,  compared  with  a  record  of  20  on  March  1,  1942.  However,  it  is  doubtful 
if  either  figure  is  correct,  since  in  many  cases  information  regarding  the  member's  in- 
duction into  any  one  of  the  armed  services  is  not  received  until  long  after  he  has  left 
his  civil  employment. 

The  territorial  distribution  of  the  membership  shows  no  marked  change  compared 
with  that  of  a  year  ago,  indicating  that  the  world  war  conditions  which  resulted  in  a 
marked  reduction  in  the  number  of  members  in  countries  other  than  the  United  States 
and  Canada  in  the  seven  years  from  1935  to  1942,  are  not  precluding  the  continuation  of 
memberships  in  the  few  foreign  countries  in  which  the  Association  is  still  represented. 
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The  Association  has  suffered  the  loss  of  26  members  during  the  year  by  death,  an 
appreciably  smaller  number  than  in  any  recent  year.  Special  mention  must  be  made  of 
the  passing  of  W.  F.  Cummings,  vice-president,  and  of  Dr.  A.  N.  Talbot,  whose  out- 
standing service  to  the  Association  is  too  well  known  to  require  any  review  here.  Refer- 
ence is  made  also  to  the  death  of  G.  H.  Tinker  and  J.  E.  Greiner,  who  in  their  day 
made  valuable  contributions  to  the  work  of  the  Committee  on  Iron  and  Steel  Structures, 
and  to  F.  W.  Pfleging  and  F.  B.  Wiegand  whose  faithful  service  on  the  Committee  on 
Signals  and  Interlocking  will  be  long  remembered.  Nor  would  this  record  be  complete 
without  reference  to  the  tragic  death  of  Col.  J.  A.  Gillies  in  an  airplane  crash  in  Iran 
while  en  route  to  the  Caucasus  on  a  military  mission. 

Publications 

Bulletins — The  number  of  text  pages  in  the  seven  bulletins  ending  with  Bulletin 
438,  March,  1943,  was  834,  or  31  pages  less  than  in  the  seven  bulletins  ending  with  the 
issue  for  March,  1942.  However,  it  represents  a  marked  reduction  as  compared  with  the 
seven  bulletins  ending  with  the  issue  for  March,  1941,  which  contained  1,282  pages, 
because  of  the  volume  of  special  reports  appearing  in  the  "summer"  bulletins  of  1940. 

In  accordance  with  the  policy  of  introducing  improvements  in  the  typography  and 
makeup  of  the  bulletins  in  an  effort  to  enhance  their  readability  and  usefulness,  an  inno- 
vation has  been  introduced  in  the  Year  Book  for  1943,  Bulletin  438,  in  the  form  of  a 
list  of  the  railroad  members  in  separate  groupings  under  the  names  of  the  railroads  on 
which  they  are  employed.  This  bulletin  also  includes  a  report  by  President  Clarke  and 
a  message  from  Vice-President  C.  H.  Buford  of  the  Association  of  American  Railroads, 
in  lieu  of  the  oral  remarks  which  they  would  have  made  at  the  annual  meeting  which 
was  to  have  been  held  on  March  16-18,  1943. 

In  the  following  tabulations  of  the  contents  of  the  two  "summer"  bulletins  attention 
is  directed  to  two  special  features.  The  report  "War  Needs  Come  First",  beginning  on 
page  2  of  Bulletin  432,  and  the  item  "Progress  in  Simplification  Continues",  appearing 
on  pages  125-136  of  Bulletin  433,  comprise  progress  statements  of  emergency  action  taken 
by  the  Association  through  standing  and  special  committees  in  fostering  the  war  effort 
and  in  aiding  the  railroads  to  meet  special  conditions  brought  about  by  the  war.  Atten- 
tion is  also  directed  to  the  fact  that  Bulletin  433  (September-October,  1942)  includes 
the  report  of  the  Committee  on  Impact,  thus  introducing  a  deviation  from  the  practice 
which  has  prevailed  for  a  number  of  years  of  confining  the  publication  of  committee 
reports  to  the  four  bulletins  issued  in  November,  December,  January  and  February. 
Owing  to  the  intensive  research  work  now  being  carried  on  in  the  interest  of  the  assign- 
ments of  this  committee,  with  funds  appropriated  by  the  Association  of  American  Rail- 
roads, the  reports  currently  prepared  by  this  committee  are  voluminous,  and  it  has  been 
deemed  advisable  to  present  them  in  the  September-October  bulletin  with  the  object  of 
keeping  down  the  size  of  the  January  bulletin  in  which  the  reports  of  the  other  "struc- 
tures" committees  are  published. 

Contents  of  Bulletin  432,  June-July,  1942 
War  Needs  Come  First 
Preliminary  Report  of  Committee  3 — Ties 
Stress  Measurements  in  the  Web  of  Rail  on  the  Denver  &  Rio  Grande  Western — G.  M 

Magee  and  E.  E.  Cress 
William  Francis  Cummings — A  Memoir 
Association  Affairs 
Book  Reviews 
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Contents  of  Bulletin  433,  September-October,  1942 

Report  of  Special  Committee  on  Impact 

Pile  Tests  Point  to  Limitations  of  Current  Specifications  for  Bearing  Power — Roscoe 

Owen 
Progress  in  Simplification  Continues 
Arthur  Newell  Talbot — A  Memoir 
Association  Affairs 
Who  is  in  Military  Service? 
Book  Reviews 

Proceedings — Volume  43  of  the  Proceedings  (1942)  was  appreciably  smaller  than 
the  volume  for  1941,  containing  815  pages  compared  with  1,166.  Of  this  decrease  of  351 
pages,  131  pages  are  accounted  for  by  a  reduction  in  the  size  of  the  committee  reports 
prepared  for  presentation  at  the  annual  meeting  in  1942,  and  the  remainder  is  due  to  the 
fewer  pages  in  the  special  reports  reprinted  from  the  "summer"  bulletins  of  1941. 

Manual — Progress  in  the  revision  of  the  Manual  is  shown  in  the  tabulation  of 
annual  supplements.  The  number  of  new  sheets  issued  in  1942,  144,  considering  that  this 
supplement  included  the  revised  biennial  alphabetical  index,  was  an  appreciably  smaller 
supplement  than  those  issued  in  any  years  since  1937.  However,  what  is  more  significant 
is  the  fact  that  the  number  of  new  sheets  issued  was  smaller  than  the  number  of  old 
sheets  withdrawn,  so  that  there  was  a  net  decrease  of  5  in  the  number  of  sheets  in  the 
Manual.  This  is  obviously  a  healthy  trend  in  the  attitude  of  the  committees  toward  the 
Manual  material  under  their  supervision,  as  it  indicates  that  they  are  keenly  aware  of 
the  necessity  of  giving  as  much  attention  to  the  deletion  of  obsolete  material  as  to  the 
adding  of  new  subject  matter. 

New  Sheets .      Old  Sheets  Net 

Supplement  Issued  Withdrawn       Increase 

1937 110  69  41 

1938    151  121  30 

1939    128  95  33 

1940    185  139  46 

1941     148  120  28 

1942    144  149  —5 

Total    866  693  173 

The  1942  supplement  differed  from  those  previously  issued  in  that  it  contained  three 
yellow  sheets,  namely,  "Notice  of  Emergency  Action"  to  precede  the  title  page  of  the 
Manual  and  one  sheet  each  of  "Emergency  Provisions"  for  insertion  at  the  beginnings 
of  the  Chapters  on  Rail  and  Track,  respectively.  More  of  these  temporary  yellow  sheets 
are  to  be  issued  with  the  1943  supplement. 

Sales  of  complete  Manuals  during  1942  totaled  217,  thus  bringing  the  total  distri- 
bution to  2,311  copies.  It  is  evident  that  the  augmented  demand  for  the  Manuals  as  the 
result  of  the  increase  in  railroad  construction  stimulated  by  the  war  effort  has  continued 
unabated.  It  was  anticipated  that  the  program  for  publishing  a  new  edition  of  the 
Manual  which  was  started  in  1941  by  the  reprinting  of  the  eight  most  popular  chapters 
would  be  completed  during  1942.  However,  it  was  necessary  to  defer  the  reprinting  of 
Chapter  11 — Records  and  Accounts,  and  Chapter  15 — Iron  and  Steel  Structures,  because 
plans  for  the  rather  extensive  revision  of  these  two  chapters  had  not  been  completed. 
All  of  the  remaining  chapters,  as  well  as  the  glossary,  were  reprinted  in  1942,  and  it  is 
planned  to  complete  the  work  on  Chapters  11  and  15  during  the  current  year. 
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Trackwork  Plans— With  the  approval  at  the  annual  meeting  in  March,  1942,  of 
24  additional  plans,  4  sheets  of  specifications  and  3  sheets  of  definitions  of  technical 
terms,  the  general  revision  of  the  Portfolio  of  Trackwork  Plans  undertaken  by  the 
Committee  on  Track  in  1939  was  completed.  In  its  present  form,  therefore,  the  portfolio 
now  contains  111  sheets  of  drawings  and  a  table  of  contents,  in  addition  to  the  7  sheets 
of  specifications  and  definitions,  or  a  total  of  119. 

Because  of  the  enormous  amount  of  track  construction  that  has  been  in  progress 
during  the  last  two  years  for  the  Army  and  Navy  as  well  as  for  war  industries,  the 
demand  for  these  plans  has  been  greatly  in  excess  of  normal,  with  the  result  that  the 
stock  of  the  portfolios  has  been  nearly  depleted. 

Work  of  the  Committees 

As  no  new  committees  were  created  and  none  was  abolished  during  the  year,  the 
number  of  committees  remains  the  same  as  it  was  a  year  ago,  namely  25,  of  which  23 
are  regular  and  2  are  designated  as  special.  However,  of  these  25  committees,  Committee 
2(5 — Standardization,  by  action  of  the  Board  of  Direction  on  March  19,  1942,  was  com- 
pletely reorganized  and  given  an  altered  status.  Representation  on  this  committee  from 
the  other  committees  was  eliminated,  and  instead  of  being  charged  with  the  responsibility 
of  preparing  annual  reports  to  the  Association,  this  committee  will  submit  reports  to  the 
Board  only,  but  with  the  understanding  that  pertinent  facts  regarding  progress  in 
standardization  will  be  presented  to  the  membership  as  and  when  warranted. 

The  number  of  members  serving  on  the  25  committees  during  1942  was  632,  com- 
pared with  650  in  the  previous  year.  The  total  number  of  committee  memberships 
(counting  the  men  who  serve  on  more  than  one  committee)  was  804,  a  reduction  of  15 
from  the  aggregate  committee  personnel  in  1941. 

Excluding  the  Committee  on  Standardization,  which  has  only  4  members,  the  average 
number  of  persons  per  committee  is  33.  The  Committee  on  Track  with  58  members  is 
the  largest  and  the  Committee  on  Clearances  with  12  members  is  the  smallest. 

Exclusive  of  meetings  that  were  held  in  Chicago  during  the  course  of  the  Associa- 
tion's annual  meeting  in  March,  there  were  45  meetings  of  the  committees  in  1942, 
whereas  the  total  in  1941  was  53,  which  figure  was  appreciably  below  that  of  previous 
years.  An  analysis  of  the  committee  activities  during  the  last  year  shows  that  5  com- 
mittees handled  their  work  entirely  by  correspondence,  6  had  only  one  meeting,  7  held 
two  meetings  each,  3  had  three  meetings  and  4  had  four  meetings  each. 

Aside  from  these  regular  meetings,  some  members  of  committees  were  required  to 
attend  a  variety  of  emergency  meetings  and  conferences  involving  special  duties  incident 
to  the  war  effort  of  the  railroads  or  to  problems  brought  about  by  the  state  of  war. 
Most  of  these  meetings  were  called  at  the  request  of  officers  of  the  AAR  for  the  purpose 
of  dealing  with  some  pressing  problem,  usually  of  an  emergency  nature.  A  few  of  them 
were  held  with  the  object  of  initiating  recommendations  for  the  conservation  of  critical 
material.  In  addition  to  attendance  at  such  meetings,  chairmen  of  committees  and  sub- 
committees have  been  required  to  devote  no  small  part  of  their  time  to  the  handling  of 
emergency  matters  by  correspondence — as  a  means  of  avoiding  travel — with  the  result 
that  the  number  of  meetings  held  is  not  indicative  of  the  work  done.  In  all  cases,  the 
object  was  the  preparation  of  a  specific  report — in  some  instances  solely  for  the  infor- 
mation of  agencies  of  the  federal  government  but  usually  for  general  distribution  either 
to  chief  engineering  officers  of  member  roads  or  to  AREA  members. 

Reports  were  prepared  by  23  of  the  25  committees,  there  being  no  occasion  for 
reports   from    Committee    26— Standardization,   or    Committee    28 — Clearances.   The    23 
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committees  whose  reports  were  published  in  Bulletins  433  to  437,  inclusive,  presented 
material  on  102  out  of  a  total  of  179  subjects  assigned  to  them.  As  this  ratio  of  reports 
prepared  to  subjects  assigned  is  not  out  of  line  with  the  record  of  previous  years,  it  is 
evident  that  thus  far  there  has  been  no  falling  off  of  committee  performance  as  a  result 
of  the  state  of  war.  This  is  evident  also  from  the  fact  that  the  number  of  pages  in  the 
current  reports  of  the  committees  totals  626,  or  10  more  than  the  total  of  the  reports 
for  the  annual  meeting  in  1942. 

A  measure  of  the  diversity  in  the  nature  of  the  material  comprising  the  reports  is 
indicated  by  the  following  table  in  which  an  effort  has  been  made  to  group  the  reports 
under  various  classifications  as  to  subject  matter.  The  total  number  of  items  listed,  112, 
does  not  check  with  the  number  of  reports  prepared,  given  above  as  102,  because  of  the 
necessity  for  making  a  number  of  sub-classifications  in  preparing  the  table.  The  decline 
in  brief  statements  of  progress  from  17  to  4  is  not  to  be  taken  as  an  indication  of  declin- 
ing activity,  but  reflects  the  conclusion  that  a  mere  statement  to  the  effect  that  work  is 
in  progress  is  of  no  particular  value  unless  it  includes  some  tangible  information  growing 
out  of  the  studies  being  made. 

Number  of  Reports 
Last  Year        This  Year 

Revisions  of  the  Manual — minor   6  4 

Revisions  of  the  Manual — major   12  4 

New  Manual  material — minor  2  2 

New  Manual  material — major   11  9 

New  Manual  material — tentative 5  5 

Information  37  41 

Information — with  brief  conclusion  for  Manual  2 

Reports  on  research  work 10  11 

Reports  on  service  tests 4  4 

Statistical  data  6  7 

Mathematical  studies  1  5 

Bibliographies  3  2 

Brief  report  of  progress  17  5 

War  emergency  provisions  and  reports 13 

116  112 

Research  Work 

The  outstanding  trend  in  the  work  of  the  Association  during  the  last  five  years  is 
reflected  by  the  marked  increase  in  the  funds  for  research  work  which  the  AAR  has 
allotted  to  the  Engineering  Division,  since  nearly  all  of  the  money  provided  is  being 
used  in  the  development  of  test  data  that  are  of  direct  value  to  the  AREA  committees 
in  their  study  of  problems  assigned  to  them.  The  table  shows  the  actual  expenditures  in 
1941  and  the  estimated  outlay  in  1942  in  relation  to  the  budget  allotment  for  1943. 

The  appropriations  in  1941  and  1942  were  $95,150  and  $87,932,  respectively,  but  in 
each  year  the  expenditures  were  appreciably  less  than  the  allotments— in  1941  by  reason 
of  delay  in  the  delivery  of  a  large  order  for  testing  equipment,  and  in  1942  because  the 
railroads  were  unable  to  release  for  the  counterbalance  tests  all  of  the  locomotives  in- 
cluded in  the  schedule,  and  because  a  portion  of  the  staff  was  engaged  for  a  considerable 
period  on  special  investigations  on  individual  railroads  for  which  they  reimbursed  the 
AAR. 

A  noteworthy  feature  of  the  program  for  1943  is  the  pronounced  increase  in  the 
number  of  individual  projects;  for  in  addition  to  those  appearing  in  the  tabulation,  the 
allotment  of  $30,000  for  the  Engineering  Division's  portion  of  investigation  under  the 
supervision  of  the  Joint  Committee  on  Relation  Between  Track  and  Equipment  covers 
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four  separate  projects.  These  are  the  locomotive  counterbalance  studies,  the  relation  of 
wheel  loads  to  wheel  diameters,  the  gage  of  track  and  rail  and  wheel  contours,  and  a 
study  of  the  effect  of  fiat  spots  on  wheels. 

Two  of  the  projects  listed  in  the  1943  budget,  namely,  the  rolling  load  tests  of  joint 
bars  and  the  investigation  of  web  stresses  in  rails,  represent  continuations  of  studies 
carried  on  previously  under  the  blanket  assignment  of  Stresses  in  Railroad  Track.  On 
two  others,  the  bolt  tension  tests  and  the  study  of  corrosion  from  brine  drippings,  con- 
siderable work  has  already  been  done  by  the  research  engineer  in  cooperation  with 
several  railroads  without  any  appropriation  for  the  purpose.  The  allocation  of  specified 
sums  for  particular  investigations  is  in  line  with  the  policy  adopted  early  in  1941  when 
the  research  program  of  the  Engineering  Division  was  reorganized  following  the  dis- 
banding of  the  Special  Committee  on  Stresses  in  Railroad  Track. 

Special  mention  is  made  of  the  allotment  of  $2,000  for  a  study  of  electrolysis  made 
at  the  request  of  the  Electrical  Section. 

Expenditures  and  Appropriations  for  Engineering  Research 

Actual  Estimated 

Expenditures  Expenditures  Budget 

Committee  on  Rail                                             1941  1942  1943 

Transverse   fissure   investigation    $8,962*  $7,500*  $6,000* 

Rail  failure  statistics   5,518  6,080  6,072 

Service  tests  of  joint  bars 2,027  2,900  2,980 

Rolling-load  tests  of  joint  bars 5,000  3,000 

Cause  of  shelly  spots  and  head  checks          1,000  7,000 

Investigation  of  web  stresses  ....  ....  5,000 

Study  of  engine  burns ...  1 ,000 

Total   16,507  22,480  31,052 

Committee  on  Track 

Stresses  in  tie  plates ....  2,500 

Bolt  tension  tests 1,500 

Corrosion  from  brine  drippings   ....  1 ,000 

Welding  of  manganese  frogs   ....  600  1,000 

Total    600  6,000 

Stresses  in  railroad  track 15,600  **  ** 

Structural  Projects 

Impact  investigation 13,372  10,000  14,300 

Fatigue  strength  of  welds 5,000  5,000  5,000 

Tests  of  asphalt  and  pitch  510  550                   

Total    18,882  15.55C  19,300 

Relation  of  track  and  equipment 22,013  30,000  30,000 

Electrolysis  studies  2,000 

Boiler  feedwater  studies   100  100 

Office  of  research  engineer  9,494  12,600  10,090 

Total    $82,496  $81,330  $98,542 

*  AAR  contribution  is  matched  each  year  by  rail  manufacturers. 

**  Activities  under  this  head  as   ind  when  needed  are  now  carried  on  under  special  assign- 
ments. 

W.  S.  Lacher, 

Secretary. 
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JSeceaseb  Mcmbtxi 

Azel  Ames 

Sales  Engineer,  Kerite  Insulated  Wire  &  Cable  Company,  New  York  City 

W.  G.  Besler 

Chairman  of  Board,  Central  Railroad  of  New  Jersey,  New  York  City 

J.  C.  Beye 

2308  Ashmead  Place,  N.W.,  Washington,  D.  C. 

W.  F.  CUMMINGS 
Chief  Engineer,  Boston  &  Maine  Railroad;   Maine  Central  Railroad,  Boston,  Mass. 

J.  A.  Gillies 

Colonel,  Iran  Military  Mission,  Washington,  D.  C. 

J.  E.  Greiner 
Consulting  Engineer,  Baltimore  &  Ohio  Railroad,   Baltimore,  Md. 

J.  L.  Harrington 
Consulting  Engineer,   Kansas  City  Southern  Railway;    Louisiana  &  Arkansas  Railway,  Kansas  City,  Mo. 

E.  F.  Hartman 
President,  Protexol  Corporation,  Kenilworth,  N.  J. 

A.  C.  Harvey 

Chief  Engineer,  New  York,  Chicago  &  St.  Louis  Railroad,  Cleveland,  Ohio 

W.  C.  Harvey 

Retired  Valuation  Engineer,  Chicago  Great  Western  Railway,  Chicago 

C.  S.  Heritage 

Retired  Engineer,  Washington  Terminal  Company,  Washington,  D.  C. 

J.  R.  Hickox 
Retired  Hydraulic  Engineer,  Chicago,  Burlington  &  Quincy  Railroad,  Chicago 

R.  H.  Johnston 
Division  Engineer,  Chicago,  Burlington  &  Quincy  Railroad,  St.  Joseph,  Mo. 

J.  F.  W.  Kruse 
Superintendent  Tool  Department,  Hubbard  &  Company,  Pittsburgh,  Pa. 

W.  G.  Moler 

American  Representative,  Monterrey  Steel  &  Iron  Works,  New  York  City 

G.  L.  Norris 
Chief  Metallurgical  Engineer,  Vanadium  Corporation  of  America,  New  York  City 
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Beceaaeb  Jflembera 

F.  W.  Pfleging 
General  Signal  Engineer,  Union  Pacific  Railroad,  Omaha,  Nebr. 

H.  J.  Roberts 
Assistant  Engineer,  Union  Pacific  Railroad,  Portland,  Ore. 

W.  A.  Roderick 

Engineer  Maintenance  of  Way  and  Structures,  Wheeling  &  Lake  Erie  Railway,  Brewster,  Ohio 

A.  C.  Shields 
President  and  General  Manager,  Pittsburg  &  Shawmut  Railroad,  Kittanning,  Pa. 

A.  N.  Talbot 

Professor  Emeritus,  University  of  Illinois,  Urbana,  111. 

G.  H.  Tinker 

Retired  Bridge  Engineer,  New  York,  Chicago  &  St.  Louis  Railroad,  Los  Angeles,  Calif. 

J.  B.  Wesley 
Engineer  Water  Service,  Missouri  Pacific  Railroad,  St.  Louis,  Mo. 

F.   B.  WlEGAND 

Retired  Signal  Engineer,  New  York  Central  Railroad;   Cleveland,  Cincinnati,  Chicago  &  St.  Louis 
Railway;   Michigan  Central  Railroad,  Willoughby,  Ohio 

T.  G.  WlNDES 

National  Aluminate  Corporation,  Chicago 

W.  E.  WOODARD 
Vice-President,  Lima  Locomotive  Works,  Inc.,  New  York  City 
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FINANCIAL  STATEMENT  FOR  CALENDAR  YEAR  ENDING 
DECEMBER  31,  1942 

Balance  on  hand  January  1,  1942  $89,841.83 


RECEIPTS 
Membership  Account 

Entrance  Fees $  970.00 

Dues    17,898.91 

Binding  Proceedings   1,416.50 

Sales  of  Publications 

Proceedings    1,069.38 

Bulletins   822.60 

Manuals    3,000.77 

Specifications  472.85 

Track  Plans   2,621.21 

Advertising 

Publications    1,355.00 

Interest  Account 

Investments  1,750.11 

Miscellaneous   122.93 

Total $31,500.26 

DISBURSEMENTS 

Salaries  $  8,936.66 

Proceedings    3,683.35 

Bulletins    3,465.21 

Stationery  and  Printing 530.09 

Rents,  Light,  etc 780.00 

Supplies    73.47 

Expressage    16.39 

Postage    597.70 

Exchange    76.75 

Annual  Convention 796.85 

Refunds,  Dues,  etc 70.00 

Audit  (year  1941)    200.00 

Pensions  (E.  H.  Fritch,  A.  K.  Shurtleff)   2,460.00 

Social  Security  Act 327.47 

Manual  Supplements    '. 3,505.16 

Track  Plans   9S1.98 

Miscellaneous    136.49 

Committee  and  Officers'  Expense 84.88 

Total   $26,692.45 

Excess  of  Receipts  over  Disbursements  $  4,807.81 


Balance  on  hand  December  31,  1942  $94,649.64 
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REPORT  OF  THE  TREASURER 

To  the  Members: 

Balance  on  hand  January  1,  1942  $89,841.83 

Receipts  during  1942   $31,500.26 

Paid  out  on  Audited  Vouchers  26,692.45 

Excess  of  Receipts  over  Disbursements  4,807.81 


Balance  on  hand  December  31,  1942   $94,649.64 

Consisting  of 

*Bonds  at  cost   $79,434.23 

Cash  in  Northern  Trust  Company  Bank  14,729.83 

Cash  in  Royal  Bank  of  Canada   460.58 

Petty  Cash   25.00 

$94,649.64 
Respectfully  submitted, 

W.  H.  Penfeeld,  Treasurer. 

We  have  made  an  audit  of  the  accounts  of  the  American  Railway  Engineering  Asso- 
ciation for  the  year  ending  December  31,  1942,  and  find  them  to  be  in  accordance  with 
the  foregoing  statements. 

E.  Deming, 
C.  G.  Rivers, 

Auditors. 


GENERAL  BALANCE  SHEET 

December  31,  1942 

Assets                                                                                                          1942  1941 

Due  from  Members    $       812.00  $      673.00 

Due  from  Sales  of  Publications   3.10  43.35 

Due  from  Advertising    148.00  93.00 

Furniture  and  Fixtures   435.60  483.99 

Publications  on  Hand  (estimated)    1,000.00  1,250.00 

investments   (cost)    79,434.23  57,433.93 

Interest  on  Investments  (accrued)    557.61  432.61 

Cash  in  Northern  Trust  Company  Bank  14,729.83  30,611.05 

Cash  in  Royal  Bank  of  Canada  460.58  1,771.85 

Petty  Cash   25.00  25.00 

Manuals  (on  hand)    4,420.00  2,400.00 

Trackwork   Plans    350.00  800.00 

Total   $102,375.95  $96,017.78 

Liabilities 

Members'  Dues  Paid  in  Advance  $    6,224.00  $  5,581.00 

Surplus   96,151.95  90,436.78 

Total  $102,375.95  $96,017.78 

"Includes  $6,240.00  book  value  of  Rock  Island,  Arkansas  &  Louisiana  4^%  bonds  due  March  1, 
1934,  not  paid,  in  default. 

Also  includes  St.  L.  S.  W.  5%  bonds,  book  value  $1,319.31,  interest  coupons  January  1,  1936,  and 
thereafter  in  default. 

Bonds  acquired  during  year  1942:  U.  S.  Savings  2l/2%  bonds,  $20,000.00,  purchased  at  par. 
Dominion  of  Canada  Third  Victory  3%  bonds,  $2,000.00,  purchased  at  par,  plus  registration  fee 
$2,000.30. 


Letter  Ballot  on  Revisions  of  and  Additions  to  the  Manual 

On  the  following  pages  is  a  copy  of  the  letter  ballot  on  the  recommendations  of 
the  committees  for  additions  to  and  revisions  of  Manual  of  Recommended  Practice.  It 
appears  exactly  in  the  form  in  which  it  was  issued  to  the  members  except  that  the 
squares  for  balloting  have  been  replaced  by  the  record  of  the  number  of  votes  cast 
for  and  against  each  proposition,  and  except  for  a  note  directing  attention  to  the  with- 
drawal of  one  of  the  specifications  submitted  in  compliance  with  the  request  of  the 
committee. 

The  ballot  was  accompanied  by  the  following  .letter  of  transmittal: 


March  18,  1943. 
To  AREA  Members: 

As  the  annual  meeting  scheduled  for  March  16-18,  1943,  has  been  cancelled,  it  is 
necessary  to  resort  to  a  letter  ballot  to  determine  the  will  of  the  membership  on  the 
recommendations  of  the  committees  for  additions  to  or  revisions  of  the  Manual.  Accord- 
ingly, this  letter  ballot  is  being  sent  to  you  in  duplicate.  Please  fill  out  and  return  one 
copy  in  the  self-addressed  envelope  and  retain  the  other  for  your  file. 

With  a  few  exceptions,  the  material  to  be  voted  on  appears  in  Bulletins  434  to  437, 
inclusive,  and  for  convenient  reference  the  various  propositions  on  the  ballot  are  pre- 
sented in  the  order  in  which  they  appear  in  the  bulletins,  beginning  with  Bulletin  434.  In 
a  few  cases  where  the  committee's  recommendation  covers  material  presented  a  year  ago, 
the  item  gives  a  reference  to  the  page  number  of  the  Proceedings,  Vol.  43,  1942. 

All  of  the  material  submitted  by  the  committees  for  adoption  was  reviewed  by  the 
Board  of  Direction  and  based  on  this  review,  supplemented  by  written  comments  re- 
ceived from  members,  two  of  the  reports  submitted  for  adoption  have  been  withheld  and 
three  others  have  been  amended.  Notations  to  this  effect  appearing  under  these  items 
in  the  ballot  will  be  supplemented  by  the  comments  and  criticisms  in  the  written  dis- 
cussions that  will  be  published  in  the  Proceedings  for  1943. 

Members  are  urged  to  submit  written  comments  with  their  ballots,  setting  forth 
reasons  for  negative  votes  and  the  revisions  or  deletions  which  in  their  opinion  are 
requisites  for  affirmative  action. 

Because  normal  action  on  the  Manual  recommendations  has  been  precluded  by  the 
cancelling  of  the  annual  meeting,  the  letter  ballot  has  become  necessary.  Just  how  effec- 
tive this  substitute  procedure  will  be  depends  on  the  loyalty,  initiative  and  interest  of 
the  individual  members.  To  be  counted,  ballots  must  be  in  the  secretary's  office  by 
April  1,  1943. 

H.  R.  Clarke, 

President. 
W.  S.  Lacher, 
Secretary. 
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Letter  Ballot  on  Revisions  of  and  Additions  to  Manual  of 
Recommended  Practice 

1943 

Bulletin  434,  November  1942 

APPROVED     DISAPPROVED 
Committee    13 — Water    Service,    Fire    Procec- 
tion  and  Sanitation 

Revision  of  Manual   (pp.  135-144)  372  1 

Specifications    for    Welded    Steel   Tanks    for    Railway 

Water  Service  (pp.  155-160)  366  10 

Committee  16 — Economics  of  Railway  Loca- 
tion and  Operation 

Method  for  Plotting  a  Velocity  Profile  (pp.  182-190)  360  6 

Train  Resistance  of  Freight  Trains  Under  Various 
Conditions  of  Loading  and  Speed — Addition  to  Ex- 
planatory Note  (pp.  190-191)  363  1 


Bulletin  435,  December  1942 

Committee  6 — Buildings 

*Specifications  Covering  Welded  Structural  Steel  and 

Iron  (Proceedings,  Vol.  43,  1942,  pp.  127-136)  355  14 


Committee    27 — Maintenance    of    Way    Work 
Equipment 

Revision  of  Manual   (pp.  252-253)  385 


Committee   9 — Highways 

Revision  of  Manual   (pp.  271-272)  368 

Committee  14 — Yards  and  Terminals 

Modernization  of  Passenger  Terminals   (pp.  349-351)  364 


*  Withheld  from  the  Manual  at  the  request  of  Committee  6 — Buildings,  which  concluded  that  it 
would  be  inadvisable  to  publish  the  specifications  until  opportunity  is  afforded  for  further  consideration 
of  the  comments  received,  and  because  the  specifications  submitted  would  necessarily  be  superseded  for 
the  duration  by  specifications  of  the  War  Production   Board. 
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Bulletin  436,  January  1943 

APPROVED     DISAPPROVED 
Committee  7 — Wood  Bridges  and  Trestles 

Specifications  for  Design  of  Wood  Bridges  and  Tres- 
tles for  Railway  Loading   (pp.  362-374)  375  u 

Committee     20 — Uniform     General     Contract 
Forms 

Revision  of  Manual   (pp.  379-385)  360  3 

Committee  15 — Iron  and  Steel  Structures 

Revision  of  Manual  367  10 

Specifications  for  Steel  Railway  Bridges  (pp.  400-402) 
With  revisions  as  follows: 

Section  204,  (Distribution  of  Live  Load),  p.  401,  sub- 
sections (a)  and  (b),  in  the  last  term  of  the  formulas 

change  (-y~)  to  read  (— Y 

In  the  same  section,  sub-section  (b)  add  "(with  or 
without  stringers)"  after  "track". 

Section  438,  p.  402,  add  the  following  sentence  at  the 
end  of  the  second  paragraph,  "If  I-beams  are  used 
for  diaphragms,  they  shall  be  rigidly  connected  by 
means  of  one  or  more  fines  of  rivets  on  each  side  of 
the  diaphragm   webs." 

Rules    for    Rating    Existing   Iron    and    Steel    Bridges 

(P-    403)  373  8 

With  a  revision  as  follows: 

Section  106a.  Distribution  of  Live  Load,  p.  403,  sub- 
section (b),  add  "(with  or  without  stringers)"  after 
"track". 

Principles  of  Design  of  Flashing,  etc.   (p.  403)  381  2 

Fusion  Welding  (p.  403)  373  4 

Specifications  for  Steel  Railway  Turntables  (pp.  405- 

412)  367  7 

Specifications   for   the   Design   of   Rigid   Frame   Steel 

Bridges  (pp.  413^*15)  371  3 
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Bulletin  437,  February  1943 

APPROVED    DISAPPROVED 
Committee  5 — Track 

Revision  of  Manual   (pp.  440-441)  380  10 

Committee  1 — Roadway  and  Ballast 

Natural  waterways:  Prevention  of  Erosion  (pp.  490- 
497) 

(Referred  back  to  the  committee  with  the  suggestion 
that  the  report  be  amplified  to  cover  practice  involv- 
ing less  expensive  measures  than  those  described.) 


Specifications  for  Corrugated  Metal  Pipe  for  Sub- 
drainage   (pp.  497-499) 

With  revisions  as  follows: 

Section  4.  Perforations,  p.  498,  change  first  line  of 
second  paragraph  to  read.  "Perforations  may  be 
made  after  or  before  the  pipe  is  galvanized  as  speci- 
fied by  the  purchaser.  .  .  ." 

Table  1,  p.  498,  change  heading  of  third  column  to 
read,  "Total  No.  of  Rows  for  Each  Group  When  in 
Two  Groups" 

Specifications  for  Corrugated  Structural  Plate  Cul- 
verts and  Arches   (pp.  499-506) 

(Withheld  because  of  questions  raised  and  because  the 
use  of  the  type  of  construction  covered  is  prohibited 
for  the  duration  of  the  war.) 

Retaining  Structures  (Proceedings,  Vol.  43,  1942,  pp. 
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Discussion  of  Committee  Reports 

Owing  to  the  cancellation  of  the  Association's  annual  meeting  for  1943,  the  dis- 
cussion of  the  committee  reports  appearing  on  this  and  following  pages  consists  entirely 
of  written  comments  rather  than  the  transcripts  of  the  oral  remarks  which  were 
published  in  the  Proceedings  of  prior  years. 

Of  the  comments  that  were  received,  a  considerable  number  were  written  in  response 
to  the  appeals  made  by  President  Clarke  and  Vice-President  Layng  in  the  letters  they 
prepared  for  publication  in  the  December,  January  and  February  bulletins.  However, 
a  considerable  part  of  the  discussion  was  received  with  the  letter  ballots,  either  in  the 
form  of  brief  notations  or  more  extended  comments  on  accompanying  sheets.  While  the 
volume  of  material  so  received  was  less  than  that  filed  with  the  secretary  in  advance 
of  the  ballot,  actually  the  number  of  members  who  submitted  comments  with  the  bal- 
lots was  appreciably  greater.  It  is  of  interest  to  observe,  also,  that  the  aggregate  number 
of  persons  who  supplied  written  remarks  regarding  the  committee  reports  this  year 
exceeds  the  number  of  individuals  who  participated  in  the  discussions  from  the  floor  at 
any  recent  annual  meeting. 

The  substitution  of  written  for  oral  comments  is  of  course  but  one  of  the  many 
innovations  introduced  by  the  cancellation  of  the  annual  meeting  and  necessarily  imposed 
a  number  of  new  problems  that  gave  rise  to  revisions  of  procedure.  The  decision  of  the 
Board  of  Direction  to  submit  the  recommendations  of  the  committees  for  Manual 
material  to  letter  ballot  of  the  membership  led  to  the  conclusion  that  some  form  of 
review  should  be  provided  to  take  the  place  of  presentation  in  an  open  meeting.  Accord- 
ingly a  special  committee  of  the  Board  was  appointed  for  this  purpose,  and  since  any 
comments  regarding  material  submitted  for  adoption  would  be  pertinent  to  the  work 
of  this  committee  and  because  the  standing  committees  were  entitled  to  an  opportunity 
to  answer  criticisms  of  their  reports,  the  following  procedure  was  adopted: 

Each  comment  as  received  was  forwarded  to  the  chairman  of  the  interested  sub- 
committee, with  a  copy  to  the  chairman  of  the  general  committee,  it  being  suggested 
that  a  reply  or  explanation  be  prepared  for  publication  in  the  Proceedings,  or,  if  the 
point  at  issue  be  deemed  a  minor  one,  that  some  response  be  made  directly  to  the  author 
of  the  comment. 

All  comments  received  in  sufficient  time  for  consideration,  as  well  as  the  replies 
prepared  by  the  affected  committees,  were  placed  in  the  hands  of  the  committee  represent- 
ing the  Board  and  were  carefully  reviewed  before  approving  the  subject  in  question  for 
the  letter  ballot.  It  is  of  interest  to  note  in  this  connection  that  as  a  result  of  comments 
received  and  considered,  two  of  the  reports  were  withheld  from  the  ballot  and  three 
others  were  subjected  to  minor  modifications  after  consultation  with  representatives  of 
the  standing  committee  concerned. 

It  will  be  observed  that  the  comments  and  criticisms  are  presented  in  substantially 
the  form  of  the  oral  discussion  published  in  previous  volumes  of  the  Proceedings,  that  is, 
the  criticisms  of  each  subject  and  the  replies  thereto  appear  in  the  order  that  the  subjects 
were  published  in  the  committee  reports.  This  arrangement  appeared  most  advantageous 
from  the  standpoint  of  the  reader,  but  it  necessarily  involved  the  rather  piecemeal 
presentation  of  matter  that  in  some  cases  was  submitted  for  publication  in  the  form  of  a 
single  manuscript. 
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Discussion  on  Waterways  and  Harbors 

(For  Report,  see  pp.   129-132.) 

E.  E.  R.  Tratman  (Wheaton,  111.) :  As  to  the  design  of  bridge  fenders  referred  to 
in  the  report  on  Assignment  2,  the  fact  that  two  drawbridges  over  the  Chesapeake  and 
Delaware  canal  were  totally  wrecked  when  vessels  crashed  through  the  pier  fendering, 
both  within  a  few  months,  indicates  that  more  attention  might  well  be  given  to  the 
design  and  construction  of  fender  works.  The  committee's  report  states  that  where  a 
rigid,  rather  than  a  resilient  fender  is  desired,  it  should  be  braced  against  the  pier  thus 
protected.  It  seems,  however,  that  this  might  endanger  the  pier.  My  impression  is  that 
some  large  channel  spans  of  important  bridges,  including  one  or  both  of  the  great  San 
Francisco  bridges,  have  massive  fenders  which  are  entirely  independent  of  the  piers  and 
are  designed  to  be  of  such  strength  as  to  stop  and,  if  necessary,  to  wreck  any  ship  that 
might  strike  them. 

Subcommittee  Chairman  E.  H.  Roth  (Norfolk  &  Western) :  Mr.  Tratman's  comments 
have  been  noted  with  appreciation  and  deserve  publication. 

He  refers  to  a  portion  of  the  second  paragraph  on  page  130,  which  pertains  par- 
ticularly to  narrow  waterways.  The  first  paragraph  on  this  same  page  refers  to  the  large 
and  deeper  waterways  in  which  the  fender  system  described  is  designed  to  act  as  a 
guide  and  resist  shock  without  receiving  support  from  the  bridge  piers  or  substructure. 
This  is  the  accepted  practice  and  should  by  all  means  be  resorted  to  in  deep  and  wide 
waterways  where  large  vessels  navigate  the  streams. 


Discussion  on  Water  Service,  Fire  Protection  and  Sanitation 

(For  Report,  see  pp.  133-166.) 

R.  Hayes  (Southern  Railway) :  I  am  giving  below  the  principal  reasons  for  my 
vote  against  the  adoption  of  the  Specifications  for  Welded  Steel  Tanks  for  Railway 
Water  Service,  beginning  on  page  155. 

In  general,  the  specifications  appear  to  me  to  lack  good  arrangement  of  subject 
matter,  comprehensiveness  and,  in  parts,  clarity  of  wording  and  consistency.  They  do 
not  separately  list  the  information  which  the  purchaser  should  furnish  to  bidders.  They 
do  not  refer  to  comprehensive  specifications  for  welding,  except  to  the  extent  that 
specifications  for  welded  highway  and  railway  bridges  of  the  American  Welding  Society 
might  be  applied  to  only  "steel  substructures"  through  references  thereto  in  the  AREA 
Specifications  for  Steel  Railway  Bridges,  which  are  primarily  for  the  design  and  fabrica- 
tion of  riveted  steel  railway  bridges  and  forbid  welding  unless  specifically  permitted. 
One  of  the  principal  criticisms  of  many  designs  for  welded  work  is  the  use  of  principles 
of  design  and  fabrication  which  are  good  practice  in  riveted  work  but  not  in  welded  work. 

Section  102. — The  definition  of  the  standpipe  differs  from  that  in  the  glossary  in  the 
Manual.  A  reservoir  may  be  other  than  a  "flat  bottom  cylindrical  tank".  An  elevated 
tank  does  not  necessarily  have  a  cylindrical  tank.  The  definitions  are  not  essential  to  the 
specifications. 

Section  104. — Preferably  the  design  drawing  to  be  submitted  by  bidders  should 
show  loads  and  stresses.  It  appears  to  me  that  the  word  "Company"  should  either  be 
defined  or  changed  to  "Purchaser". 
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Section  302. — It  would  be  preferable  to  have  the  roof  designed  to  support  an  alter- 
native single  load  as  well  as  a  specified  uniform  load.  Consideration  should  be  given  to 
different  amounts  of  snow  loads  for  use  in  different  latitudes. 

Section  303  (a). — The  caption  includes  "structural  members,"  although  the  working 
unit  stresses  listed  do  not  include  some  that  would  be  necessary  for  the  design  of  some 
structural  members  which  might  be  required. 

Section  303  (b). — According  to  a  definition  of  the  American  Welding  Society,  "pene- 
tration" is  the  depth  of  fusion  or  distance  from  the  original  surface  of  the  base  metal  to 
that  part  at  which  fusion  ceases,  and  this  would  appear  to  me  to  mean  that  the  depth  of 
penetration  should  be  measured  perpendicular  to  the  face  of  the  base  metal  on  which 
the  weld  is  applied  and,  if  this  is  correct,  complete  penetration  might  be  assumed  to 
mean  fusion  throughout  the  complete  dimension  of  the  base  metal  taken  perpendicular 
to  the  face  on  which  the  weld  is  applied.  I  am  aware  of  the  fact  that  the  AWS  rules 
for  field  welding  of  steel  storage  tanks  include  the  term  "complete  penetration,"  but  it 
is  not  defined  and  I  think  it  should  be  if  used. 

Section  303  (c). — It  is  not  apparent  why  the  specified  unit  stress  in  shear  should 
not  be  applied  to  single  fillet  welds  as  well  as  double  fillet  welds.  The  word  "welded" 
as  here  used  appears  superfluous. 

Section  305. — This  section  is  indefinite  with  respect  to  thickness  or  volume  of 
reinforcement. 

Section  307. — Comment  has  already  been  made  on  the  application  of  AREA  Speci- 
fications for  Steel  Railway  Bridges  to  welded  work.  It  is  conceivable  that  some  form  of 
steel  substructure  or  structural  members  might  be  needed  in  connection  with  the  tank 
without  a  suspended  bottom. 

Section  403. — In  the  second  paragraph,  third  line,  it  appears  probable  that  the 
phrase  "end  of  the  joint"  should  be  "end  of  joints". 

Section  405. — This  section  makes  the  use  of  butt  welded  joints  in  certain  locations 
mandatory  without  saying  if  specified.  It  permits  certain  horizontal  joints  to  have  not 
less  than  "two-thirds  penetration"  but  the  specified  unit  stresses  do  not  include  any  for 
incomplete  penetration. 

Section  406. — By  this  section,  lap  welded  joints  are  mandatory  for  certain  locations 
without  saying  if   specified. 

Section  410. — It  is  suggested  that  the  word  "attaching"  should  be  inserted  between 
the  words  "for"  and  "scaffolding".  It  is  not  apparent  why  holes  of  different  sizes  should 
be  filled  with  weld  metal  uniform  in  size. 

Section  501. — Possibly  large  flat  bottom  tanks  have  been  tested  by  the  method  speci- 
fied, but  I  would  anticipate  the  single  lap  welded  joints  of  bottom  plates  might  be 
overstressed. 

Section  502. — Although  steel  to  be  welded  should  be  shipped  without  painting,  it 
might  be  desirable  to  permit  the  use  of  a  light  film  of  linseed  oil  or  spatter  film  com- 
pound if  considered  necessary  to  protect  the  steel  during  the  period  of  exposure  before 
painting  after  erection. 

Section  602. — The  use  of  a  revolving  roof  ladder  is  mandatory,  but  Section  606 
indicates  that  a  roof  ladder  is  not  mandatory. 

Section  605. — This  section  is  poorly  worded,  and  if  it  is  intended  to  mean  that 
an  opening  with  a  tank  flange  does  not  have  to  be  otherwise  reinforced,  it  is  inconsistent 
with  Section  305. 

Section  607. — It  might  be  desirable  to  define  a  "downtake  tube",  but  it  is  not 
apparent  that  radius  rods  or  anchors  to  support  it  would  be  sufficient  in  number  and 
locations  to  provide  attachments  for  scaffolding  for  painting  and  cleaning  the  entire  tank. 
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Meyer  Hirschthal  (Delaware,  Lackawanna  &  Western):  In  Section  303  the  design 
loads  specified  will  not  satisfy  all  climates  nor  the  provisions  of  building  codes  in 
communities  governed  by  them. 

While  the  3/16-in.  thickness  specified  in  Section  304  will  be  sufficient  for  roof  thick- 
ness for  stress  purposes,  the  effect  of  corrosion  will  soon  reduce  the  safety  factor.  I 
suggest  an  absolute  minimum  of  %  in.  for  all  outside  work. 

C.  P.  Marsh  (New  York  Central) :  These  specifications  provide  for  the  use  of 
three  different  kinds  of  steel  but  do  not  state  where  the  kinds  of  steel  are  to  be  used. 
I  might  infer  that  the  A-7  steel  was  to  be  used  for  towers,  that  tanks  themselves  were 
to  be  made  of  A-10  steel  and  any  forgings  required  were  to  be  made  of  A-78  steel.  I 
might  be  entirely  wrong  if  I  did  so.  The  user  should  not  have  to  guess  what  was  intended 
by  the  writers  of  the  specifications. 

S.  E.  Armstrong  (New  York  Central) :  The  specifications  should  stipulate  in  greater 
detail  the  uses  of  various  types  of  steel  shown  as  being  suitable  for  water  tanks.  The 
specifications  permit  steels  of  three  different  tensile  strengths  and  yield  points  but  do 
not  detail  the  use  as  separated  between  different  types  of  tanks  (including  gravity  and 
pressure),  or  various  capacities  of  tanks. 

Subcommittee  Chairman  A.  W.  Johnson  (Atchison,  Topeka  &  Santa  Fe) :  Mr.  Marsh 
questions  the  clarity  of  our  listing  of  A-7,  A-10  and  A-78  steel,  his  thought  being  that 
these  different  steels  would  be  used  in  different  parts  of  tank  work.  This  was  not  our 
idea  in  writing  the  specifications.  We  had  in  mind  that  any  of  these  three  could  be  used 
in  building  a  welded  tank. 

I  also  offer  some  comments  on  each  paragraph  of  Mr.  Hayes'  letter. 

Second  Paragraph. — Here  Mr.  Hayes  states:  "In  general,  the  specifications  appear 
to  lack  good  arrangement  of  subject  matter,  comprehensiveness  and,  in  parts,  clarity  of 
wording  and  consistency". — To  follow  this  up  would  probably  mean  complete  revision. 
It  would  seem  that  since  Committee  13  as  a  whole  worked  on  these  specifications,  they 
should  in  general  stand  as  written. 

Section  102. — The  definition  of  the  standpipe,  as  given  in  the  glossary  of  the 
Manual  and  in  the  specifications,  may  differ  somewhat,  but  there  does  not  seem  to  be 
any  conflict. 

Section  104. — Since  we  have  taken  care  of  loads  and  stresses  in  the  specifications,  I 
do  not  think  it  necessary  to  show  them  in  the  design  drawing.  Instead  of  using  the 
word  "Company",  we  might  use  the  word  "Purchaser"  which  would  be  in  agreement 
with  the  American  Water  Works  Association.  I  would  agree  to  this  change. 

Section  302. — I  can  see  no  reason  for  stating  an  alternate  single  loading  in  addition 
to  the  uniform  loading  for  tank  roof.  I  question  the  value  of  attempting  to  give  different 
amounts  of  snow  loads  for  different  latitudes.  If  the  25  lb.  listed  in  the  specifications  is 
insufficient,  I  would  say  this  should  be  increased  to  what  is  considered  right,  and  let 
this  cover  for  all  locations,  but  I  am  inclined  to  think  the  figure  in  the  specifications 
should  stand. 

Section  303  (a). — This  paragraph,  in  my  judgment,  is  satisfactory.  I  do  not  know 
what  structural  members  are  not  covered. 

Section  303  (b). — I  can  see  no  reason  for  changing  this  paragraph.  If  penetration  is 
complete,  it  must,  of  necessity,  be  completely  through  the  material  being  welded, 
regardless  of  definitions. 

Section  303  (c). — I  agree  that  the  specified  unit  stresses  in  shear  should  apply  to 
single  fillet  welds  as  well  as  double  fillet  welds.  By  deleting  "double  welded"  this  can  be 
taken  care  of. 
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Section  307. — By  changing  "for  suspended  bottom  tanks"  to  "for  elevated  tanks", 
we  can  take  care  of  the  possibility  of  using  a  flat  bottom  elevated  tank  instead  of 
suspended  bottom  elevated  tank.  I  am  agreeable  to  this  change. 

Section  403. — I  agree  that  the  wording  should  be  "end  of  joints"  instead  of  "end  of 
the  joint". 

Section  405. — Paragraph  301  takes  care  of  the  type  of  construction  to  be  used.  Sec- 
tion 405  covers  butt  welding,  and  Section  406  lap  welding.  I  can  see  no  conflict  here. 
With  respect  to  two-thirds  penetration  for  horizontal  joints,  I  have  to  say  that  this  is 
where  secondary  stresses  occur. 

Section  406. — I  presume  this  should  be  Section  410.  I  agree  that  the  word  "attaching" 
should  be  inserted,  as  recommended  by  Mr.  Hayes. 

Section  501. — I  can  readily  understand  why  the  question  of  testing  the  tank  bottom 
is  raised  by  Mr.  Hayes,  since  the  same  question  was  raised  in  the  committee  meetings. 
Nevertheless,  it  was  decided  to  require  testing  as  written  into  the  specifications. 

Section  502. — The  committee  was  agreed  that  no  painting  should  be  required  before 
shipping,  since  steel  was  to  be  either  sand  blasted  or  wire  brushed  before  giving  the 
final  protective  coat.  It  was  even  brought  out  by  some  members  that  permitting  the 
steel  to  rust  was  effective  in  removing  mill  scale. 

Section  602. — I  believe  Section  602  is  satisfactory,  since  this  takes  care  of  a  tank 
with  a  roof.  However,  Section  606  should  have  the  words  "where  roof  ladders  are  not 
provided"  deleted. 

Section  605. — By  adding  "with  suitable  reinforcing"  to  the  end  of  this  paragraph,  I 
would  say  it  would  be  in  agreement  with  Section  305,  removing  these  same  words 
between  the  word  "tank"  and  "or"  in  the  second  line. 

Section  607 . — The  objection  raised  here  can  be  taken  care  of  by  deleting  the  words 
"in  event  a  downtake  tube  is  not  installed"  from  second  line. 

Referring  to  the  comments  on  design  loads  by  Mr.  Hirschthal,  I  would  say  that 
if  the  design  loads  specified  do  not  satisfy  all  climates  or  the  provisions  of  building 
codes  in  communities  governed  by  them,  the  local  requirement  should  govern. 

In  regard  to  Section  304,  I  would  say  that  the  3/16-in.  thickness  was  considered 
sufficient  by  the  committee.  No  instances  of  roof  failures  due  to  corrosion  were  cited. 

H.  C.  Boardman  (Chicago  Bridge  &  Iron  Company):  Mr.  Hayes'  second  paragraph 
states  that  there  is  no  reference  to  "comprehensive  specifications  for  welding  except  to 
the  AWS  welded  bridge  rules  and  the  AREA  bridge  rules".  This  certainly  is  inaccurate 
for  Section  402  covers  the  qualification  of  welding  procedure  and  operators  under  the 
"AWS  Standard  Qualification  Procedure". 

Section  303  (b). — I  think  the  prescribed  allowable  stress  in  shear  of  8,000  lb.  per 
sq.  in.  is  limited  to  double  welded  fillet  welds  because  single  welded  fillet  welds  are  not 
permitted  except  for  nominally  unstressed  parts  such  as  roofs  and  flat  bottoms. 

The  expression  "double  welded  fillet  welds"  does  not  appear  in  the  AWS  definitions 
but  there  is  no  mistaking  its  meaning.  Perhaps  "double  welded  fillet  joints"  would  be 
better.  This  expression  would  cover  both  a  double  welded  lap  joint  and  a  tee  joint, 
which  I  believe  is  intended. 

Section  405. — This  doesn't  make  butt  welding  mandatory  any  more  than  Section 
403  makes  butt  welded  bottoms  mandatory  or  than  Section  406  makes  lap  welded 
vertical  shell  joints  mandatory. 

No  unit  stresses  for  horizontal  shell  joints  are  specified  because  such  joints  carry 
very  small  loads  for  which  "two-thirds  penetration"  is  adequate. 
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Discussion  on  Economics  of  Railway  Location  and  Operation 

(For  Report,  see  pp.  167-210.) 

I.  V.  Wiley  (Chicago,  Milwaukee,  St.  Paul  &  Pacific) :  The  first  part  of  the  para- 
graph of  the  explanatory  note  on  page  190  is  not  clear  to  me.  "Locomotive  resistance 
represents  traffic  effort  delivered,  etc.".  This  indicates  that  the  locomotive  resistance  is 
the  same  as  traffic  effort,  which  is  not  true. 

Subcommittee  Chairman  L.  K.  Sillcox  (New  York  Air  Brake  Company) :  The  word 
which  Mr.  Wiley  objects  to  embraces  material  that  is  already  in  the  Manual,  comprising 
part  of  the  paragraph  to  which  the  committee  is  now  recommending  an  addition. 

I  will  readily  agree  that  the  wording  used  is  somewhat  confusing  but  the  thought 
that  was  intended  is  that  "Locomotive  resistance  values  relate  to  tractive  effort  delivered 
to  the  driving  axles.  .  .".  This  wording  was  no  doubt  intended  to  emphasize  that 
internal  resistance  must  be  accounted  for  independently.  However,  I  suggest  that  the 
language  be  revised  as  stated  above. 

Chairman  M.  F.  Mannion  (Bessemer  &  Lake  Erie) :  I  concur  in  the  editorial 
revision  suggested  by  Mr.  Sillcox. 

Subcommittee  Chairman  E.  E.  Kimball  (Schenectady,  N.  Y.) :  The  report  on  As- 
signment 10,  pages  191  to  210,  inclusive,  deals  primarily  with  the  development  of 
modern  steam  locomotives  and  some  of  the  changes  that  have  been  made  in  the  design 
and  construction  of  roadway  and  track  facilities  following  the  introduction  of  modern 
steam  locomotives.  The  benefits  obtained  from  these  changes  and  the  operation  of  mod- 
ern steam  locomotives  consist  largely  of  lower  operating  expenses,  greater  capacity  to 
handle  more  traffic  and  better  performance  that  has  a  tendency  to  encourage  the 
economic  growth  of  the  railroads.  It  is  not  feasible  to  assign  these  benefits  to  any  par- 
ticular improvement,  consequently  the  chief  purpose  of  the  report  is  an  attempt  to 
create  a  more  or  less  rough  appreciation  of  some  of  the  new  developments  and  how  they 
are  generally  effective  in  improving  the  overall  picture. 

Part  of  the  report  deals  with  a  discussion  of  freight  train  performance  of  Class  I 
railroads  during  the  past  20  years.  These  statistics  are  shown  in  Table  6,  page  201,  and 
graphically  represented  in  Fig.  1,  page  202,  which  is  explained  at  some  length  in  the 
exhibit  beginning  on  page  207.  These  data  and  diagrams  together  with  the  exhibit  are 
particularly  important  at  this  time  when  rail  transportation  is  such  a  vital  factor  in  the 
war  effort.  Since  the  railroads  are  thus  recognized  for  their  valuable  contribution,  it  is 
due  them  that  reference  be  made  to  freight  train  performances  for  1942  which  are  now 
available  as  given  in  the  following  table  for  comparison  with  those  for  1941. 

Freight  Train  Performance 

1941  1942 

Thousand  freight  train-miles   568,028  666,832 

Million  gross  ton  miles,  exclusive  of  locomotives   1,194,608  1,500,874 

Train-hours     34,442,732  42,265,660 

Hours   per    100   train-miles    6.06  6.34 

Average  speed,  miles  per  hour    16.49  15.78 

Average  train  weight,  tons   2,103  2,251 

The  significance  of  the  comparison  is  better  understood  if  Fig.  1  (page  202)  is 
brought  up  to  date  by  adding  the  new  data,  as  has  been  done  in  the  revised  drawing  of 
Fig.  1  which  appears  here.  From  this  diagram  it  will  be  seen  that  1942  sets  a  record  for 
the  number  of  train-miles  operated  and  the  gross  ton-miles  handled. 
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In  order  to  compare  1941  and  1942  operations, — sloping  lines  have  been  drawn 
through  point  41  in  the  two  diagrams.  The  sloping  line  in  the  lower  diagram  as  extended 
intersects  the  ordinate  corresponding  to  1,500  billion  gross  ton-miles  at  a  point  which 
corresponds  to  6.33  hours  per  100  train-miles.  Likewise  the  vertical  line  corresponding 
to  6.33  hours  in  the  upper  diagram  intersects  the  sloping  line  drawn  through  point  41 
at  a  point  which  corresponds  to  about  714  million  train-miles,  which  represents  the 
number  of  train-miles  that  would  have  had  to  be  operated  to  handle  1942  traffic  based 
on  1941  performance. 

Note  also  the  1942  performance.  Thus,  point  42  in  the  lower  diagram  falls  directly 
on  the  sloping  line  drawn  through  point  41,  but  in  the  upper  diagram  point  42  falls 
below  the  sloping  line,  since  it  was  only  necessary  to  operate  667  million  train-miles  to 
handle  the  traffic  in  2,251-ton  trains  instead  of  714  million  train-miles  in  2,103-ton  trains 
or  a  saving  of  47  million  freight-train-miles  per  year. 

In  1942  there  were  hardly  enough  locomotives  available  to  handle  the  traffic.  Con- 
sequently it  was  necessary  to  increase  the  weight  of  trains  and  depend  upon  the  over- 
load capacity  of  the  locomotives  to  handle  the  heavier  trains.  The  speed  of  the  heavier 
trains  was  less  than  it  would  be  with  the  lighter  trains,  but  because  of  the  smaller 
number  of  heavy  trains  as  compared  to  the  equivalent  number  of  light  trains,  the  road 
delays  were  less,  which  practically  offset  the  effect  of  the  slower  speed. 

The  purpose  in  calling  attention  to  these  results  is  to  indicate  a  scientific  method 
that  can'  be  applied  to  the  analysis  of  freight  train  operation  which  may  develop  some 
valuable  conclusions  as  more  and  more  data  are  accumulated. 

Referring  to  the  illustrations  of  locomotives  on  page  200,  the  title  for  the  second 
illustration  should  not  contain  the  word  "First".  The  6-4—4—6  locomotive  exhibited  by 
the  Pennsylvania  Railroad  at  the  New  York  World's  Fair  in  1939  and  1940  was  the  first 
application  of  a  three-axle  truck  under  the  fire  box. 

Chairman  M.  F.  Mannion:  Mr.  Kimball's  comments  bring  the  report  of  his  sub- 
committee up  to  date.  I  believe  that  his  introduction  of  the  1942  statistics,  showing 
how  closely  they  agree  with  the  operating  results  predicted  in  Fig.  1,  is  very  valuable 
and  proves  conclusively  that  the  method  advocated  by  Committee  16  for  the  analysis  of 
freight  train  operation  is  sound,  and  valuable  information  can  be  obtained  from  its  use. 


Discussion  on  Buildings 

(For  Report,  see  pp.   211-250.) 

J.  M.  Trissal  (Illinois  Central) :  In  respect  to  the  third  paragraph  on  page  228  in 
the  report  on  modernization  of  station  buildings,  our  experience  with  glass  enclosed 
bulletin  boards  and  train  schedule  boards  has  been  very  unfavorable  in  that  it  is 
practically  impossible  to  properly  light  boards  of  this  nature  when  enclosed  in  glass 
without  getting  a  glare  from  the  glass.  Our  experience  has  indicated  that  the  best  type 
of  bulletin  board  is  one  coated  with  a  flat  black  paint  and  no  glass  covering. 

Subcommittee  Chairman  J.  P.  Gallagher  (New  York  Central):  Mr.  Trissal's  com- 
ment is  true  insofar  as  the  glare  from  the  glass  is  concerned.  It  may  also  be  stated 
that  the  average  business  executive  is  confronted  with  the  same  glare  when  he  insists 
on  having  a  glass  top  on  his  desk,  but  most  of  them  have  a  preference  for  it.  It  may  be 
detrimental  to  his  eyesight,  but  he  presumes  that  it  adds  a  little  "snap  and  dignity"  to 
his  office. 
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The  glass  enclosed  bulletin  board  permits  a  neat  and  organized  display  of  printed 
matter,  while  the  open-faced  board  invites  a  promiscuous  and  untidy  distribution  of 
time  tables  and  bulletins.  In  my  opinion,  boards  with  glass  fronts  not  only  tend  to 
permit  better  arrangement  of  the  time  tables  and  bulletins,  but  also  protect  them  from 
being  mutilated  or,  in  many  cases,  removed  by  either  the  traveling  public  or  trespassers. 

It  is  true  that  the  glare  is  ever  present  in  the  glass  and  somewhat  handicaps  the 
reading  of  the  printed  matter.  This  glare  can  only  be  overcome  by  the  type  of  bulletin 
board  as  suggested  by  Mr.  Trissal.  This,  however,  affords  easy  access  to  the  removal  of 
the  time  tables  and  bulletins  and  is  an  invitation  to  some  to  destroy  or  remove  them. 
Generally  speaking,  glass  enclosed  bulletin  boards  should  be  installed  in  accordance  with 
the  intent  of  the  report,  except  in  localities  where  it  has  been  definitely  determined 
that  the  printed  matter  will  not  be  removed  or  mutilated. 

Mr.  Trissal:  Referring  to  the  last  paragraph  on  page  231  in  the  report  on  fueling 
facilities  for  Diesel  locomotives,  I  believe  this  paragraph  would  better  cover  the  situation 
if  it  stated  simply  that  tanks  should  be  effectively  grounded.  A  ground  rod  extending 
into  the  earth  four  feet  in  a  great  many  cases  is  not  an  effective  ground. 

Meyer  Hirschthal  (Delaware,  Lackawanna  &  Western):  On  page  230  under  "Prepa- 
ration of  Tanks"  I  suggest  the  second  sentence  be  put  first  and  changed  after  "gases" 
to  read,  "may  be  used  if  thoroughly  steamed  before  heat  is  applied". 

The  light  mesh  recommended  for  the  support  of  waterproofing  fabric  will  rust  in 
a  short  time.  I  suggest  the  use  of  shotcrete   (Gunite). 

Subcommittee  Chairman  O.  G.  Wilbur  (Baltimore  &  Ohio) :  Since  Mr.  Hirschthal's 
suggestion  to  change  the  arrangement  of  the  first  two  sentences  of  the  paragraph  on 
"Preparation  of  Tanks",  page  230,  does  not  change  the  subject  matter,  I  would  prefer 
to  let  the  paragraph  stand  as  written,  as  I  believe  the  continuity  is  better  than  it  would 
be  if  the  sentences  were  changed  to  conform  with  Mr.  Hirschthal's  suggestion. 

As  to  the  subject  of  "Buried  Tanks",  a  sentence  could  be  added  at  the  end  of  the 
paragraph  at  the  bottom  of  page  230  as  follows:  "They  may  also  be  treated  with  shot- 
crete". Even  though  the  mesh  rusts  away,  its  use  is  only  temporary  as  the  fill  around 
the  tank  will  hold  the  fabric  in  place. 

Regarding  Mr.  Trissal's  recommendation,  I  think  the  last  paragraph  on  page  231 
can  be  changed  to  read,  "All  tanks  above  ground  should  be  effectively  grounded".  If 
this  is  satisfactory  to  Mr.  Trissal,  I  am  agreeable  to  the  change. 

Discussion  on  Wood  Preservation 

(For  Report,  see  pp.  623-649.) 

P.  R.  Hicks  (American  Wood-Preservers'  Association) :  In  the  report  on  Assign- 
ment 4 — Specifications  for  Creosote-Petroleum  Solutions,  I  was  surprised  to  note  on 
page  644  the  statement  that  there  has  been  a  rapid  increase  in  the  quantity  of  wood 
treated  with  creosote-petroleum  solutions,  and  that  44.18  percent  of  all  bridge  timbers 
were  treated  with  this  mixture. 

The  figures  given  on  pages  64S  and  647  for  crossties,  switch  ties,  and  piles  treated 
with  all  preservatives  and  with  creosote-petroleum  solutions,  and  the  percentages  in  each 
class,  are  correct. 

On  page  646  are  two  tables,  one  showing  miscellaneous  construction  timbers  and  the 
other  bridge  timbers  treated  with  all  preservatives  and  with  creosote-petroleum  solutions. 
I  do  not  agree  with  these  figures  as  presented. 

All  these  tables  have  been  compiled  from  the  government  report  prepared  annually 
for  many  years  in  cooperation  with  the  American  Wood-Preservers'  Association,  which 
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contains  the  only  statistics  available  on  the  subject.  While  these  statistics  are  prepared 
as  accurately  as  possible  from  information  given  the  author  by  treating  plants,  they 
nevertheless  do  contain,  of  necessity,  discrepancies  which  may  easily  permit  erroneous 
conclusions  to  be  drawn,  as  in  this  instance.  Treating  plants  report  the  total  quantity 
of  timbers  treated,  but  from  my  long  association  with  the  wood-preserving  industry  I  am 
certain  that  commercial  plants  filling  an  order  do  not  always  know  whether  they  are 
treating  timber  for  bridges,  for  docks,  or  for  some  other  purpose.  Their  records  are  not 
so  kept  that  they  can  segregate  bridge  timber,  miscellaneous  timber,  and  lumber,  and 
it  is  my  opinion  that  there  are  no  reliable  figures  available  on  the  amount  or  per- 
centage of  bridge  timber  treated  with  any  preservative.  I  believe  most,  if  not  all,  com- 
mercial plants  will  bear  me  out  in  this  conviction.  Railroad  treating  plants  undoubtedly 
can  and  do  keep  reliable  figures  of  this  kind. 

To  show  the  trend  in  the  use  of  creosote-petroleum  solutions  for  the  treatment  of 
lumber  and  timber,  I  have  prepared  a  table  compiled  from  the  same  government  report 
giving  the  total  amount  of  lumber  and  timber  treated  each  year  since  1924,  the  amount 
treated  with  creosote-petroleum  solutions,  and  the  percentage  of  the  latter.  It  will  be 
noted  there  has  been  an  increase  in  the  volume  of  lumber  treated  with  this  solution. 
However,  despite  an  increase  in  the  total  volume  of  timber  treated  with  all  preservatives 
during  that  time,  there  has  been  no  great  variation  in  the  percentage  of  timber  treated 
with  creosote-petroleum  solutions  over  this  period  of  18  years,  as  this  table  shows. 


Bridge  Timber,  Miscellaneous  Timber  and  Lumber  Treated  1924-1941 

Timber  Treated 
Total  Timber  With  Creo.- 

Treated  Pet.  Mixture 

Year  (Board  Feet)         (Board  Feet)        Percentage 

1924     200,760,772  80,655                   .04 

1925    187,200,694  6,796,566  3.6 

1926     227,894,413  19,997,933  8.8 

1927     266,536,970  11,083,032  4.2 

1928    306,319,947  25,806,927  8.4 

1929    330,417,774  27,327,015  8.3 

1930    304,404,488  17,786,348  5.8 

1931     242,607,8S0  23,859,770  9.8 

1932     155,441,604  13,030,935  8.4 

1033     168,081,194  13,774,996  8.2 

1934  226,305,531  33,339,331  14.7 

1935  237,905,343  16,976,843  7.1 

1936  318,866,545  30,579,224  9.6 

1937  343,219,850  43,048,549  12.5 

1938  304,177,822  29,066,412  9.5 

1939  340,454,817  35,350,340  10.4 

1940  384,091,401  33,125,066  8.6 

1041  471,063,989  45,695,667  9.7 

Total     5,015,751,034  426,725,609  8.5 

Subcommittee  Chairman  R.  S.  Belcher  (Atchison,  Topeka  &  Sante  Fe) :  Mr.  Hicks 
contends  that  the  report  is  in  error  in  citing  44.2  as  the  percentage  of  bridge  timbers 
that  are  treated  with  creosote-petroleum  solutions.  The  committee  is,  of  course,  anxious 
to  correct  any  errors  in  the  data  given  as  well  as  the  conclusions  drawn  therefrom.  As 
stated  in  the  report,  these  statistics  upon  which  the  committee  based  its  conclusions  rela- 
tive to  the  extent  of  the  use  of  creosote-petroleum  solutions  were  prepared  by  R.  K: 
Helphenstine,  Jr.,  of  the  Forest  Service,  U.  S.  Department  of  Agriculture,  in  cooperation 
with  the  American  Wood-Preservers'  Association,  and  these  statistics  have  been  published 
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by  that  association  in  its  proceedings  since  1911.  The  tabulations  shown  on  pages  645,  646 
and  647  of  the  committee  report  were  taken  from  Mr.  Helphenstine's  statistics  for  the 
years  1924  to  1941,  inclusive. 

At  this  point  I  would  like  to  make  two  minor  corrections  in  the  second  tabulation 
on  page  646  of  the  report.  The  first  figure  in  the  percent  column  should  read  "0.05" 
instead  of  "0.5"  and  the  word  "lumber"  appearing  three  times  in  the  heading  of  this 
tabulation  should  be  changed  to  "timber".  With  these  changes,  the  data  given  in  the 
report  check  with  the  published  Helphenstine  reports  for  the  18-year  period.  We  agree 
with  Mr.  Hicks  that  the  Helphenstine  report  contains  the  only  statistics  on  the  subject 
.available,  and  the  committee  has  proceeded  on  the  basis  that  these  statistics  as  published 
were  substantially  correct,  and  has  drawn  conclusions  accordingly. 

The  object  of  the  committee  in  presenting  the  quantities  and  percentages  of  material 
treated  with  creosote-petroleum  solutions  was  to  show  the  extent  of  the  use  of  the 
relative  importance  of  creosote-petroleum  solutions  as  a  preservative  preliminary  to 
presenting  specifications  for  such  solutions  later  for  adoption.  It  is  believed  that  the  need 
for  such  a  specification  is  fully  justified  by  the  statistics  given.  In  addition  to  crossties, 
switch  ties  and  piling,  the  quantities  of  wood  represented  by  total  miscellaneous  con- 
struction timbers  and  total  bridge  timber  treated  were  selected  by  the  committee  from 
the  Helphenstine  statistics  as  being  more  applicable  to  railroad  requirements. 

Possibly  the  yardstick  least  likely  to  show  peaks  because  of  the  greater  use  of  one 
form  of  wood  or  another  from  year  to  year  would  be  a  table  that  combines  all  wood 
treated  with  all  preservatives  and  all  wood  treated  with  creosote-petroleum.  Such  a  table 
has  been  prepared  from  Mr.  Helphenstine's  reports  and  is  presented  herewith.  This  table 
shows  a  consistent  increase  in  the  cubic  feet  of  wood  treated  with  creosote-petroleum, 
from  9  percent  in  1924  to  19.3  percent  in  1941,  with  a  maximum  of  23.4  percent  in  1940. 
The  total  quantity  of  wood  treated  with  creosote-petroleum  increased  from  24,297,209 
cu.  ft.  in  1924  to  61,669,117  cu.  ft.  in  1941. 

Relation  of  Total  Cubic  Feet  of  Wood  Treated  with  Creosote-Petroleum  in  the 
United  States  to  Total  Cubic  Feet  of  Wood  Treated  With  All  Preservatives 

Total  Cu.  Ft.  Total  Cu.  Ft. 

Treated — All  Treated  Percent  Treated 

Year  Preservatives        Creosote-Petroleum     Creosote-Petroleum 

1924    268,583,235  24,297,209  9.0 

1925    274,474,539  29,444,199  10.7 

1926   289,322,079  32,119,595  11.1 

1927    345,685,804  51,732,269  15.0 

1928   335,920,379  58,297,641  17.4 

1929    362,009,047  61,824,950  17.1 

1930   332,318,577  54,415,070  16.4 

1931    233,334,302  40,713,977  17.4 

1932    157,418,589  28,088,054  17.8 

1933   125,955,828  24,761,979  19.7 

1934   155,105,723  31,343,454  20.2 

1935    179,438,970  41,535,834  23.1 

1936    222,463,994  49,373,365  22.2 

1937    265,794,186  56,212,672  21.1 

1938   244,221,442  55,015,126  22.5 

1939   245,219,878  50,197,191  20.5 

1940   265,473,149  62,080,520  23.4 

1941    319,164,422  61,669,117  19.3 


4,621,904,143  813,122,222  17.6 
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Discussion  on  Iron  and  Steel  Structures 

(For  Report,  see  pp.  399-415.) 

R.  O.  Stewart  (Canadian  National) :  Permit  me  to  offer  some  comments  on  the 
revision  of  the  matter  covering  distribution  of  live  loads  in  the  proposed  revisions  of 
the  Specifications  for  Steel  Railway  Bridges  and  of  the  Rules  for  Rating  Existing  Iron 
and  Steel  Bridges. 

Article  204. — A  formula  is  given  only  for  the  condition  where  the  rails  are  carried 
directly  on  a  steel  deck.  In  order  to  make  this  complete,  a  formula  is  likewise  required 
for  the  condition  where  the  track  is  on  ballast  on  top  of  a  steel  deck.  The  two  formulas 
given  seem  to  work  out  very  nicely,  but  it  would  appear  that  very  much  simpler 
formulas  could  be  developed. 

Article  205. — Except  where  means  other  than  diaphragms  are  provided  to  distribute 
load  it  is  not  possible  to  get  a  uniform  distribution  of  the  track  load  over  a  width  of 
14  ft. 

Article  106a. — The  same  comment  applies  here  as  for  Article  204.  I  do  not  think 
any  requirement  in  regard  to  timber  deck  ties  has  any  place  in  the  Rules  for  Rating 
Existing  Iron  and  Steel  Bridges.  The  strength  of  deck  ties  depends  partially  on  their 
size  and  more  particularly  on  their  physical  condition.  The  rating  of  a  steel  bridge 
(once  determined)  is  a  fixed  condition,  whereas  the  strength  of  deck  ties  is  subject  to 
reduction  due  to  deterioration,  and  the  determination  of  a  rating  value  on  these  ties 
(by  use  for  a  complicated  formula)   is  misleading  and  may  be  dangerous. 

Meyer  Hirschthal  (Delaware,  Lackawanna  &  Western) :  What  is  the  basis  for  the 
formulas  in  Article  204?  Apparently  the  fourth  power  under  the  radical  should  be 
applied  to  the  ratio  of  W  to  /  rather  than  W  alone.   [This  assumption  is  correct.] 

A.  N.  Laird  (Grand  Trunk  Western):  These  formulas  represent  such  a  radical 
departure  from  earlier  subject  matter  that  in  my  opinion  they  should  be  received  only 
as  "information"  at  this  time. 

A.  R.  Harris  (Chicago  &  North  Western) :  The  formulas  in  Article  204  may  be 
correct,  but  it  is  not  clear  what  they  apply  to.  The  introductory  sentences  should  be 
rewritten  to  define  more  clearly  what  they  apply  to. 

With  reference  to  Article  205,  the  arbitrary  distribution  of  track  load  over  14  ft. 
appears  to  be  wrong.  Why  not  make  Article  205  read  the  same  as  Article  203  of  the 
proposed  Specifications  for  Wood  Bridges  and  Trestles  which  gives  distribution  over 
length  of  tie  plus  twice  the  depth  of  ballast  ? 

G.  R.  Doull  (Canadian  National) :  The  formulas  in  Article  204  seem  too  cumber- 
some and  could,  without  loss  of  much  accuracy,  be  replaced  with  a  formula  of  the  type 

for  steel  beams  p  =  20  +  — —  i/ —  ,  where  p  =  percent  of  live  load  per  foot  of  track. 

This  ignores  the  effect  of  the  weight  of  rail  used,  but  this  factor  is  not  large  and  rails 
are  liable  to  be  changed  without  the  knowledge  of  the  bridge  engineer. 

If  it  is  intended  to  design  timber  ties  by  formula  (b) ,  the  provision  in  Article 
301  (d)  requiring  the  distribution  of  the  live  load  over  three  ties  should  be  eliminated. 
Formulas  should  apply  only  where  the  rail  rests  directly  on  steel  or  timber;  for  ballast 
decks  a  uniform  distribution  of  live  load  longitudinally,  as  given  by  present  Article  204, 
is  close  enough. 

The  lateral  distribution  of  the  load  to  either  transverse  or  longitudinal  beams  with 
a   ballast   deck   depends   so   much   on   the   type   of   structure   under   the   ballast   that   I 
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believe  Article  205  should  read:  "For  ballasted  floor  bridges  the  load  from  each  track 
shall  be  assumed  to  be  distributed  laterally  at  the  bottom  of  the  ballast  over  a  width 
equal  to  the  length  of  the  tie  plus  twice  the  depth  of  the  ballast  from  the  underside  of 
the  tie". 

The  same  remarks  apply  to  corresponding  material  in  the  Rules  for  Rating  Existing 
Iron  and  Steel  Bridges. 

A.  W.  Smith  (Canadian  National) :  In  my  opinion  Article  204  applies  only  to  the 
condition  where  rails  rest  directly  on  the  steel.  I  suggest  that  Article  205  be  revised  to 
read  as  follows:  "For  ballast  decks  with  either  transverse  or  longitudinal  beams  live 
load  shall  be  considered  as  distributed  uniformly  over  a  width  equal  to  the  length  of 
the  track  tie  plus  twice  the  depth  of  the  ballast  under  the  tie  but  not  more  than  the 
distance  center  to  center  of  tracks". 

Mr.  Hirschthal:  I  have  had  some  difficulty  in  applying  the  provisions  of  Article  204 
to  a  specific  case,  and  I  suggest  that  the  requirements  of  the  section  modulus  to  support 
"live  load  plus  impact"  should  be  clearly  set  forth  in  the  introductory  sentence,  rather 
than  have  them  appear  first  in  the  definition  of  section  modulus.  I  also  raise  the  ques- 
tion as  to  whether  it  is  the  intent  to  apply  the  provisions  of  Article  204  to  solid  floors 
(concrete  slabs  and  ballast)  on  the  same  basis  as  in  a  floor  in  which  the  rails  are  carried 
directly  on  beams. 

Subcommittee  Chairman  O.  E.  Selby  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis): 
Referring  to  Mr.  Stewart's  remarks  on  Article  204,  the  formulas  are  concerned  only 
with  the  distribution  lengthwise  of  the  bridge  of  whatever  load  would  come  on  an 
imaginary  transverse  beam  if  there  were  only  one  beam  to  each  axle.  They  are  based 
on  concentrated  wheel  loads  on  the  rails  with  no  lateral  distribution.  If  lateral  distribution 
is  accomplished  by  means  of  ties  and  ballast,  the  bending  moment  of  the  imaginary  beam 
and  its  consequent  deflection  would  be  reduced.  The  reduction  in  the  results  of  the 
formulas  would  be  in  proportion  to  the  reduction  in  deflection  at  the  rail  or  roughly  in 
proportion  to  the  reduction  in  moment. 

Such  a  formula  could  be  worked  out  if  an  agreement  can  be  reached  on  the  amount 
of  distribution  accomplished  by  the  ties  and  ballast,  but  I  doubt  the  desirability  of  it 
as  it  would  add  complication  to  a  treatment  that  has  already  been  commented  on  as 
being  more  refined  than  is  warranted.  Some  hasty  computations  indicate  that  the  results 
for  distributed  loads  would  be  from  85  to  90  percent  of  those  for  concentrated  loads. 
Perhaps  that  is  close  enough. 

As  to  Article  106a,  the  formulas  for  timber  decks  are  intended  to  take  care  of  the 
case  of  long  timber  beams  resting  on  the  bottom  flange  or  else  on  shelf  angles  in  through 
or  half-through  girder  spans.  Such  an  arrangement  is  not  desirable  for  design  now  but 
is  encountered  in  rating  of  old  bridges.  The  designer  of  the  steel  bridge  must  know  the 
requirements  in  regard  to  timber  deck  ties  to  fix  the  dimensions  and  clearances  of  the 
steelwork.  Furthermore,  if  the  one  who  is  rating  an  old  bridge  doesn't  rate  the  ties, 
who  will? 

Turning  now  to  Mr.  Harris'  comments  on  Article  204,  the  side  head  indicates  that 
204  and  205  apply  to  the  distribution  of  the  live  load  described  in  detail  in  Article  203. 
The  introductory  sentence  of  204  confines  it  to  cases  "Where  the  track  is  carried  on  trans- 
verse beams  without  stringers",  and  that  of  205  confines  it  to  cases  "Where  the  track 
is  carried  on  longitudinal  beams  or  girders  with  a  ballast  floor".  That  impresses  me  as 
being  explicit. 

As  to  Article  205,  the  proposed  Specifications  for  the  Design  of  Wood  Bridges  and 
Trestles  fix  only  the  distribution  to  the  top  of  the  deck.  For  an  8y2-it.  tie  and  9  in.  of 
ballast  the  width  would  be  10  ft.  The  further  distribution  effected  by  the  diaphragms 
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specified  in  the  proposed  addition  to  438,  together  with  the  deck  plate  or  deck  slab, 
would  add  a  substantial  amount  to  that  width.  Mr.  Hunley  and  Prof.  Morris,  who 
together  developed  and  sponsored  these  recommendations,  made  computations  that  seemed 
to  justify  the  width  of  14  It. 

J.  B.  Hunley  (New  York  Central) :  These  formulas  were  developed  theoretically 
and  have  not  been  substantiated  by  tests  on  bridges,  but  the  whole  investigation  is 
based  on  the  theory  developed  by  the  Committee  on  Stresses  in  Railroad  Track  for 
determining  the  distribution  of  wheel  loads  to  the  ties  or  roadbed  and  these  have  been 
pretty  well  confirmed  by  field  tests.  The  development  of  that  theory  assumes  a  con- 
tinuous beam  supported  uniformly,  but  for  the  elastic  constant  of  the  track  used  by 
the  committee  we  have  substituted  the  elastic  constant  of  the  bridge  floor  when  sub- 
jected to  a  live  load,  as  the  deflection  of  the  transverse  beams  due  to  dead  load,  of 
course,  does  not  enter  into  the  problem. 

In  either  analysis  the  distribution  of  the  wheel  load  to  any  one  beam  or  tie  depends 
entirely  upon  the  relative  stiffness  of  the  rail  and  the  rail  support.  The  stiffness  factor 
of  the  rail  is  measured  by  its  moment  of  inertia.  The  stiffness  factor  of  the  floor  is 
measured  by  the  moment  of  inertia  of  the  transverse  beam,  the  length  of  the  beam  and 
the  point  of  the  application  of  the  load  on  the  beam.  With  a  variation  in  any  one  of 
these  factors  there  is  a  variation  in  the  amount  of  the  wheel  load  which  each  beam 
carries.  If  the  rail  were  infinitely  stiff,  each  beam  would  take  an  equal  load.  If  the  beam 
were  infinitely  stiff  and  the  rail  flexible,  that  beam  would  take  100  percent  of  the  wheel 
load,  and  if  the  track  had  some  stiffness  and  one  particular  beam  had  no  stiffness  at  all, 
that  beam  would  take  no  load. 

These  formulas  were  developed  by  Professor  C.  T.  Morris  of  Ohio  State  Univer- 
sity and  the  writer  late  in  1941  and  early  in  1942.  In  order  to  take  care  of  the  special 
two-wheel  loading,  as  well  as  the  Cooper  engine  loading,  there  was  a  further  revision, 
dated  May  9,  1942,  which  the  committee  adopted. 

Mr.  Hirschthal:  I  would  like  to  inquire  why  the  spacing  of  the  drivers  in  the  live 
load  diagrams  for  turntables,  page  409,  is  6.5  ft.  instead  of  5  ft.  as  given  in  the  live 
loading  specified  for  the  design  of  bridges. 

Subcommittee  Chairman  A.  M.  Knowles  (Erie) :  The  6J^-ft.  spacing  is  the  same 
as  that  specified  in  the  previous  turntable  specifications  and  is  nearer  the  spacing  of 
driver  axles  of  locomotives  in  actual  service  as  has  been  demonstrated  by  a  tabulation 
of  the  wheel  arrangement  of  the  largest  locomotives  built. 

The  locomotive  loading  diagrams  given  in  the  new  turntable  specifications  were 
adopted  also,  rather  than  the  conventional  consolidation  locomotive  diagrams  used  in 
the  Cooper  loading,  because,  for  obvious  reasons,  it  was  considered  best  to  use  the 
loadings  in  turntable  design  which,  as  nearly  as  possible,  represent  actual  loadings. 

C.  E.  Beveridge  (Utah  Railway) :  The  following  changes  appear  to  be  desirable 
in  the  Specifications  for  Steel  Railway  Turntables: 

Article  603. — In  the  third  paragraph  eliminate  the  phrase  "if  required  by  the  Engi- 
neer". If  roller  bearing  boxes  are  desirable,  they  should  be  specified  unequivocally. 

Article  701. — Rewrite  the  first  paragraph  to  read,  "The  circle  rail  shall  be  not  less 
than  131  pounds  per  yard".  In  the  third  paragraph,  first  sentence,  eliminate  "preferably". 
Eliminate  the  second  sentence  entirely.  If  it  has  been  found  that  heavy  rail  and  butt 
welding  prevent  rather  serious  maintenance  problems,  they  should  be  specified 
unequivocally. 

Article  702. — In  the  second  paragraph  eliminate  the  words  "full  length"  and  insert 
in  their  place  "not  less  than  ii  feet".  After  "movement"  add  "preferably  with  anchorage 
at  every  tie". 
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"Full  length"  as  applied  to  rails  is  too  indefinite,  and  a  minimum  length  should  be 
stated.  A  length  of  33  ft.  is  suggested  but  there  would  be  no  objection  to  making  this 
30  ft.  The  words  "anchored  securely"  are  too  indefinite  and  full  anchorage  of  one  rail 
length  adjacent  to  the  pit  would  not  be  unreasonable. 

Article  703. — Rewrite  the  first  sentence  of  the  first  paragraph  to  read,  "The  rails 
on  the  table  shall  be  not  less  than  131  pounds  per  yard  and  shall  be  held  in  line  and 
elevation  and  anchored  to  prevent  longitudinal  movement".  Eliminate  the  second  sen- 
tence as  written  and  substitute  the  following:  "Tie  plates  shall  be  flat  and  have  a  bear- 
ing area  of  not  less  than  112  square  inches  with  sufficient  depth  to  prevent  bending". 

Use  of  so-called  "company's  standard  steel  tie  plates"  might  mean  plates  with 
bearing  areas  too  small  to  protect  the  ties  on  the  table.  The  AREA  plans  for  8-in.  by 
13-in.  and  8-in.  by  14-in.  tie  plates  were  adopted  in  1937  and  the  bearing  area  of  these 
plates  is  not  too  generous  when  placed  on  the  soft  wood  ties  which  are  generally  used 
on  turntables.  Maximum  axle  loads  apply  on  turntables  and  with  rigid  conditions  ol 
support  the  tie  wear  is  maximum.  It  is  assumed  that  large  full  treated  ties  are  to  be 
used  on  the  table. 

It  has  been  rather  definitely  proved  that  heavy  rail  is  very  desirable  on  turntables 
from  a  maintenance  standpoint,  particularly  on  long  three-point  tables.  This  would  no' 
preclude  use  of  lighter  rail  on  the  radial  tracks,  and  the  increased  cost  would  be 
negligible. 

Mr.  Knowles:   Comments  on  the  issues  raised  by  Mr.  Beveridge  follow: 
Article  603. — The  opinions  of  the  members  of  the  subcommittee  and  the  committee 
on  the  whole  were  quite  evenly  divided  as  to  the  advantages  of  roller  bearings  in  end 
trucks  of  three-point  bearing  tables.  This  was  the  reason  for  leaving  their  use  optional 
as  provided  in  the  specifications. 

Article  701. — It  was  shown  by  some  members  of  the  committee  that  131 -lb.  rail  is 
heavier  than  the  heaviest  rail  in  use  on  some  railroads,  and  for  the  shorter  tables  it 
was  thought  that  rail  lighter  than  131-lb.  would  give  satisfactory  service  as  it  has  in 
the  past.  This  accounts  for  the  flexibility  of  this  requirement  in  the  specifications. 

Welded  circle  rail  joints  have  not  been  used  to  an  extent  in  circle  rails  to  prove 
their  superiority  over  bolted  joints  and  many  roads  are  not  equipped  to  do  welding. 
It  was,  therefore,  the  feeling  of  the  committee  that  a  welded  joint  should  eliminate 
excessive  rail  end  wear,  but  that  this  detail  should  be  left  optional  with  the  purchaser. 

Article  702. — I  see  no  objection  to  substituting  "not  less  than  33  feet"  in  place  of 
"full  length"  in  the  second  paragraph,  although  it  is  pretty  well  understood  what  is 
meant  by  "full  length  rail".  The  committee  thought  it  best  not  to  go  further  into  the 
detail  of  the  approach  rail  anchorage,  as  the  methods  of  anchorage  could  be  varied 
considerably.  It  could  be  and  is  accomplished  by  anchoring  the  end  of  the  rail  to  the 
circle  ties  and  pit  wall  by  means  of  structural  anchors  bolted  to  the  web  of  the  rail. 

Article  703. — The  committee  did  not  feel  that  it  could  justify  limiting  the  rail  on 
the  table  to  a  minimum  of  131-lb.  section  when  lighter  rail  and  standard  tie  plates  have 
proved,  satisfactory.  As  the  size  of  rail  is  not  mentioned  in  the  specifications,  I  see  no 
objection  to  including  mention  of  it  in  the  second  sentence.  If  this  is  done,  I  suggest 
the  following:  "The  company's  heaviest  standard  rail  and  steel  tie  plates  may  be  used 
throughout  except  at  ends  of  table  where  there  should  be  larger  steel  bearing  plates 
with  sufficient  depth  to  prevent  bending".  It  is  my  opinion  that  even  8-in.  by  14-in.  tie 
plates  are  not  large  enough  to  prevent  end  ties  on  the  table  from  crushing. 

C.  J.  Code  (Pennsylvania) :  My  objection  to  the  Specifications  for  Steel  Railway 
Turntables  is  in  the  last  paragraph  of  Article  701,  in  which  it  is  specified  that  the  circle 
rail  shall  be  supported  on  steel  beams  embedded  in  a  concrete  foundation,  or  on  bearing 
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plates  set  directly  on  a  concrete  foundation.  My  experience  in  the  maintenance  of  turn- 
tables, while  somewhat  limited,  leads  me  to  believe  that  better  results  are  obtained  by 
the  use  of  creosoted  oak  blocks  embedded  in  the  concrete.  It  seems  to  me  that  this 
type  of  construction  should  at  least  be  covered  as  an  alternate,  if  not  the  principal 
method  of  construction. 

Mr.  Knowles:  Both  the  subcommittee  and  the  committee  as  a  whole  discussed  the 
specifications  for  the  circle  rail  support  at  considerable  length,  and  it  was  the  consensus 
of  the  committee  that  creosoted  oak  blocks  or  short  ties  embedded  in  the  concrete 
have  proved  inadequate  too  many  times  to  warrant  continuing  such  construction. 

A  plan  was  submitted  to  the  committee  by  Mr.  A.  R.  Wilson,  engineer  of  bridges 
and  buildings  of  the  Pennsylvania  Railroad,  showing  circle  rail  support  consisting  of 
high  cast  rail  chairs  as  representing  his  latest  development  for  this  construction. 

I  am  quite  sure  that  I  voice  the  sentiment  of  the  committee  when  I  say  that  the 
construction  specified  in  the  report  represents  the  best  judgment  of  the  members  of  the 
committee. 

Mr.  Hirschthal:  I  wish  to  offer  a  comment  on  the  Specifications  for  the  Design  of 
Rigid  Frame  Steel  Bridges.  If  it  is  intended  that  the  impact  formula  given  on  page  414 
should  be  applied  to  the  legs  of  the  bent  using  L  as  the  span  length,  and  neglecting  the 
effect  of  the  side  thrust  against  the  leg  due  to  live  load  surcharge,  it  should  so  state. 
I  personally  feel  that  in  the  case  of  a  rigid  frame  the  L  should  be  greater  than  the 
horizontal  span  length,  perhaps  the  combined  length  of  span  and  leg. 

Neil  Van  Eenam  (Public  Roads  Administration) :  My  vote  on  the  adoption  of  the 
Specifications  for  the  Design  of  Rigid  Frame  Steel  Bridges  has  been  negative  for  the 
reason  that  they  still  do  not  seem  to  be  sufficiently  complete  and  comprehensive  to 
cover  the  difficulties  encountered  in  the  design  of  frames.  The  problem  of  the  knees  and 
of  the  sections  immediately  adjacent  to  the  knees  in  both  single  span  and  multiple  span 
frames   requires   special   consideration. 

From  the  reviews  of  several  steel  rigid  frame  designs,  the  writer  feels  that  there  is 
need  for  emphasizing  the  following  additional  points: 

1.  The  square  type  of  knee  is  to  be  preferred  to  the  curved  type  of  knee. 

2.  Provision  should  always  be  made  for  the  complete  transfer  of  all  flange  stresses 
to  the  knee  web  plates.  Flanges  which  are  continuous  across  the  knee  should  be  developed 
by  a  sufficient  number  of  rivets  to  transmit  the  stress.  Those  compression  flanges  which 
are  not  continuous  across  the  knee  must  be  developed  by  bearing. 

3.  The  tension  flanges  should  support  the  knee  web  plates  over  the  entire  outer 
edges  of  the  web  plates. 

4.  When  there  are  web  splices  adjacent  to  the  knee,  these  web  splices  should  be  fully 
developed  in  order  to  relieve  the  flanges  of  a  considerable  additional  stress. 

5.  The  knee  web  plates  should  be  reinforced  by  a  side  plate  over  the  area  adjacent 
to  the  intersections  of  the  compression  flanges.  Frequently  one  of  the  web  splice  plates 
may  be  extended  in  order  to  serve  both  purposes. 

6.  In  intermediate  upright  members  of  multiple  span  rigid  frames  the  inner  flanges 
of  the  adjacent  horizontal  members  should  be  continued  in  the  line  of  stress  across  the 
upright  members.  These  inner  flanges  of  the  horizontal  members  may  be  broken  and 
developed  by  bearing  so  as  not  to  interfere  with  the  development  of  the  flanges  of  the 
upright  members. 

7.  Substantial  bent  plates  or  angles  should  be  used  in  the  corners  at  the  intersections 
of  the  compression  flanges  to  promote  the  transfer  of  stress  across  the  joints. 
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8.  At  sections  of  rigid  frames  outside  the  knees,  the  ratio  of  the  clear  depth  of  the 
web  plate  h  between  flanges  to  the  web  plate  thickness  t  should  not  exceed  the  following: 

h       400 

—  =  ~=(for  carbon  steel), 
t        V/> 

where  p  is  the  maximum  percent  of  direct  stress  to  the  total  compressive  stress  on  the 
extreme  fiber  of  the  section.  In  single  span  rigid  frames  at  sections  of  the  upright  and 
horizontal  members  adjacent  to  the  knees  p  approaches  16  percent,  so  that  for  these 
sections  the  ratio  should  not  exceed: 

A  =  i™  =  100. 
t         4 

These  ratios  are  derived  by  the  theory  of  elastic  stability,  and  take  into  account 
the  most  unfavorable  combinations  of  direct,  bending  and  shearing  stresses.  [A  copy  of 
the  calculations  has  been  referred  to  the  subcommittee.] 

9.  The  web  plates  of  both  upright  and  horizontal  members  should  be  reinforced  for 
shearing  stresses  by  intermediate  transverse  stiffeners.  These  should  be  proportioned  and 
spaced  to  meet  the  requirements  for  intermediate  stiffeners  of  plate  girders. 

10.  Adequate  lateral  bracing  should  be  provided  at  the  junctions  of  the  compression 
flanges  of  the  upright  and  horizontal  members. 

These  comments  are  intended  to  be  constructive  and  they  are  offered  in  the  hope 
that  some  portions,  at  least,  may  be  found  useful. 

Subcommittee  Chairman  T.  C.  Shedd  (University  of  Illinois) :  Mr.  Hirschthal's  dis- 
cussion has  been  noted.  Article  1,  page  413,  states  that  "the  current  Specifications  for 
Steel  Railway  Bridges  of  the  American  Railway  Engineering  Association  shall  apply  to 
rigid  frame  bridges,  except  as  provided  otherwise  herein".  A  rigid  frame  is  a  single  unit 
composed  of  a  horizontal  member  structurally  integral  with  the  upright  supports.  There 
are  live  load  stresses  in  all  parts  of  the  unit  and  it  is  in  the  intent  of  the  rigid  frame 
specifications  that  to  all  live  load  stresses  there  shall  be  added  impact,  calculated  in 
accordance  with  Article  206  of  the  specifications  noted  previously. 

The  subcommittee  is  glad  to  know  Mr.  Hirschthal's  opinion  regarding  the  definition 
of  L  in  the  impact  formula.  However,  it  has  been  advised  by  the  chairman  of  the 
Special  Committee  on  Impact  that  our  present  knowledge  of  impact  does  not  justify  a 
definition  of  L  more  precise  than  that  given  in  Article  8,  page  414. 

The  subcommittee  is  glad  to  have  the  benefit  of  Mr.  Van  Eenam's  suggestions,  and 
will  consider  them  in  detail.  Until  the  entire  membership  of  the  subcommittee  has  had 
an  opportunity  to  study  the  suggestions,  the  remarks  that  follow  should  be  considered 
as  an  expression  of  opinion  by  the  chairman. 

1.  The  committee  is  in  full  agreement  with  the  statement  that  the  square  type  of 
knee  is  to  be  preferred  to  the  curved  type,  and  it  was  for  that  reason  that  Article  13  (c) 
prohibits  rounded  corners  at  the  junction  of  horizontal  and  upright  members  that  are 
considered  as  stress  carrying  elements.  If  the  designer  wishes  to  use  a  rounded  corner 
for  architectural  reasons,  he  may  add  a  curved  bracket  but  must  arrange  for  the 
transfer  of  stress  by  other  means. 

2.  Mr.  Van  Eenam  is  referred  to  Article  13,  paragraphs  (a)  and  (b),  page  415. 

3.  The  comment  is  not  clear  but  it  is  difficult  to  visualize  a  rigid  frame  in  which 
there  is  any  edge  of  a  web  plate  not  connected  to  a  flange  either  by  riveting  or  by 
welding. 

4.  Article  14,  page  415,  requires  fully  developed  splices  at  all  sections. 

5.  This  appears  to  be  a  matter  of  judgment  in  detailing,  and  it  may  be  questioned 
whether  it  is  a  proper  subject  for  specification.  When  the  committee  prepares  a  discus- 
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sion  of  or  monograph  on  rigid  frame  design  (as  has  been  proposed)  such  details  may  be 
properly  included. 

6.  Although  paragraphs  (a)  and  (b)  of  Article  13  do  not  specifically  mention 
multiple  span  rigid  frames,  one  designing  such  a  frame  under  these  specifications  cer- 
tainly would  be  expected  to  comply  with  the  requirements  stated  therein. 

7.  The  remarks  under  (5)  apply  also  to  this  suggestion.  The  bent  plates  or  angles 
suggested  by  Mr.  Van  Eenam  may  be  desirable  from  the  standpoint  of  finish,  but  as 
aids  to  stress  transfer  they  would  appear  to  be  of  little  if  any  value. 

8.  This  point  is  worth  further  study,  and  some  such  limit  as  suggested  may  be 
desirable  in  order  to  maintain  a  consistent  relation  between  the  requirements  for  webs 
of  ordinary  plate  girders  and  the  webs  of  rigid  frames. 

9.  Article  1,  page  415,  and  Article  423  of  the  Specifications  for  Steel  Railway 
Bridges  appear  to  cover  this  point. 

10.  The  original  draft  of  the  specifications  covered  this  point  by  exact  statement. 
The  final  judgment  of  the  subcommittee,  however,  is  presented  in  Article  12,  page  415, 
and  it  is  believed  that  the  requirements  stated  therein  cover  the  matter  adequately. 

I  am  sure  that  the  entire  committee  appreciates  Mr.  Van  Eenam's  interest  and 
wishes  to  express  its  thanks  for  his  cooperation. 


Discussion  on  Wood  Bridges  and  Trestles 

(For  Report,  see  pp.  361-378.) 

O.  B.  Robbins  (Southern  Railway):  Various  changes  in  the  proposed  Specifications 
for  Design  of  Wood  Bridges  and  Trestles  are  presented  as  set  forth  below. 

Section  103.  Stringers. — Under  (a) — change  1/12  to  1/10. 

Under   (b) — add  "preferably"  after  "width",  and  change  %  to  0.4. 

Reasons. — (a)  Common  practice  on  numerous  railroads  for  many  years  has  been  to 
use  16-in.  depth  stringers  on  panels  running  up  to  14  ft.  For  a  13^2-ft.  panel  the  pro- 
posed ratio  would  allow  13-in.  stringers.  Such  a  stringer,  stressed  to  1,800  lb.  per  sq.  in. 
in  bending,  would  have  a  deflection  of  about  0.40  in.,  which  is  excessive. 

(b)  The  specification  that  the  width  of  the  stringer  may  be  as  little  as  %  the 
depth,  seems  out  of  line  with  accepted  practice.  As  a  rule,  stringers  are  nearly,  if  not 
quite  half  as  wide  as  high.  The  7-in.  by  16-in.  stringers,  which  have  been,  and  are 
very  common,  have  a  ratio  of  about  0.44.  Narrow  stringers  have  a  tendency  to  roll 
when  packing  bolts  get  loose,  and  in  consequence,  unit  bearing  pressures  on  the  caps 
are  greatly  increased,  although  as  a  rule  they  are  already  very  high  without  such  rolling. 

Section  105.  Bents. — Add  at  end  of  paragraph,  "This  analysis  may  be  used  for 
determining  the  loading  on  piles,  except  that  no  pile  shall  be  assumed  to  carry  less  than 
the  total  load  on  the  bent  divided  by  the  number  of  piles  in  the  bent.  This  latter 
distribution  of  the  load  to  the  piles  shall  also  be  used  as  an  alternative  in  determining 
moments  and  shears  in  the  cap". 

Figure  720. — In  the  16th  line  from  the  top,  eliminate  the  figure  "4"  between  "in." 
and  "ft.",  and  change  "Xc"  at  the  right  of  the  sketch  to  "Xa".  [This  has  been  corrected.] 

The  use  of  the  method  of  distribution  shown  should  be  optional,  and  should  be 
restricted  to  designs  where  the  stringers  on  one  side  of  the  center  line  of  the  track  are 
not  practically  symmetrical  about  the  rail. 

Reason. — This  change  is  desirable  to  prevent  needless  labor  in  designing  with  a  very 
questionable  gain  in  accuracy. 

Section  305.  Horizontal  Shear. — Modify  after  a  study  is  made  as  to  the  effect  of 
whatever  length  of  stringer  or  cap  extends  beyond  the  point  under  consideration. 
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Reasons. — It  is  almost  impossible  to  design  a  trestle  cap  without  exceeding  the 
longitudinal  shearing  stresses  allowed  by  these  specifications.  On  the  other  hand,  few 
caps  seem  to  fail  on  account  of  excessive  longitudinal  shear.  In  reinforced  concrete  con- 
struction the  beneficial  effect  on  bond  stress  of  an  extension  of  reinforcing  rods  beyond 
the  point  of  support  of  a  reinforced  concrete  beam  is  well  recognized.  Some  railroads 
recognize  the  beneficial  effect  on  bridge  ties  of  having  the  ties  extend  well  beyond  the 
supporting  girders.  I  have  been  unable  to  find  any  record  of  tests  indicating  the  benefit 
to  be  derived  from  such  extension  in  timber  ties  and  caps,  but  such  benefit  undoubtedly 
exists,  and  its  determination  would  be  of  real  value  in  timber  design. 

Meyer  Hirschthal  (Delaware,  Lackawanna  &  Western) :  I  would  like  to  offer  com- 
ments on  certain  of  the  sections  as  follows: 

Section  101. — I  suggest  rewording  the  first  sentence  to  read:  "The  following  provi- 
sions for  the  design  of  structures  are  based  on  the  use  of  timber  graded  under  the  AREA 
Specifications  for  Structural  Timbers".  In  the  last  sentence  omit  reference  to  "impact" 
since  it  is  part  of  those  specifications.  (A  note  might  be  added  to  explain  omission  of 
impact  in  timber  construction.) 

Section  103. — In  referring  to  continuity  a  statement  ought  to  be  added  that  bending 
moment  is  to  be  figured  at  the  face  of  the  intermediate  support. 

Section  105. — After  "posts"  in  the  first  line  change  the  wording  to  read,  "so  spaced 
that".  They  will  then  be  "correctly"  spaced. 

Section  203. — The  provisions  of  the  last  sentence  should  be  modified  to  conform  to 
similar  provisions  of  Chapter  IS  of  the  Manual  which  provides  for  a  reduction  in  the 
loading  when  three  or  four  tracks  are  carried  by  the  member. 

Subcommittee  Chairman  A.  B.  Chapman  (Chicago,  Milwaukee,  St.  Paul  &  Pacific): 
Referring  particularly  to  Mr.  Hirschthal 's  remarks,  I  offer  the  following  comments: 

Section  101. — It  is  my  opinion  that  the  wording  of  the  section  as  shown  conveys 
the  meaning  intended  as  well  as  that  which  he  proposes,  and  I  suggest  that  it  remain 
as  written.  The  committee  desired  to  call  specific  attention  to  the  fact  that  impact 
allowances  should  be  used  where  steel  or  concrete  is  used  in  combination  with  wood. 

Section  103. — Where  continuity  is  found  in  timber  structures  the  bending  moment 
will  be  maximum  over  the  center  of  the  intermediate  support. 

Section  IOS.—Mt.  Hirschthal's  suggestion  to  reword  the  first  sentence  to  read  as 
follows,  is  an  improvement  over  the  present  wording: 

Bents  shall  consist  of  a  sufficient  number  of  piles  or  posts,  so  that  no  member 
in  any  bent  will  be  overstressed  under  any  condition  of  loading. 

Section  203. — I  believe  that  Mr.  Hirschthal's  suggestion  to  modify  the  last  sentence 
to  conform  to  similar  provisions  in  Chapter  IS  of  the  Manual  which  provides  for  a 
reduction  in  the  loading  when  three  or  four  tracks  are  carried  by  the  member,  is 
something  Committee  7  will  be  willing  to  consider. 

O.  E.  Selby  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis) :  My  affirmative  ballot  on 
the  Manual  material  of  Committee  7  is  made  with  a  reservation  as  to  the  last  paragraph 
of  Section  204,  Centrifugal  Force.  I  am  touchy  about  centrifugal  force  and  supereleva- 
tion, and  feel  complimented  that  Committee  7  has  adopted  the  specifications  and  formulas 
of  Committee  15. 

Centrifugal  force  is  horizontal  and  depends  solely  on  mass,  speed,  and  curvature. 
In  all  my  study,  I  have  not  found  any  way  to  reduce  its  effect  or  to  compensate  for  it. 
Superelevation  does  not  affect  it.  One  formula  gives  it  in  terms  of  E  but  that  is  true 
only  to  the  extent  that  E,  if  properly  coordinated,  reflects  the  speed  and  curvature.  The 
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full  amount  of  the  centrifugal  force  is  carried  into  the  structure  just  as  surely  as  is  the 
force  of  gravity.  The  structure  must  be  designed  to  resist  both  forces.  The  omission 
of  this  paragraph  would  make  Section  204  correct  and  complete. 

H.  A.  Dise  (Erie) :  In  my  opinion  Section  II,  Loads  and  Stresses,  is  unnecessary 
and  should  be  deleted. 

W.  C.  Bolin  (Baltimore  &  Ohio  Chicago  Terminal) :  It  seems  to  me  that  the  section 
on  clearances  should  be  expanded  to  include  a  formula  for  determining  the  allowance 
for  the  tilting  of  the  car,  both  for  superelevation  and  for  deflection  of  bolster  bearings. 

A.  W.  Carpenter  (New  York  Central) :  To  my  mind  the  matter  is  too  complicated 
for  a  working  specification. 

L.  S.  Rose  (Erie) :  I  do  not  consider  the  material  on  pages  364  and  365  as  being 
Manual  material.  Rather,  it  is  something  that  one  would  expect  to  find  in  a  textbook. 

Mr.  Chapman:  Several  of  those  who  have  commented  on  the  specifications  contend 
that  the  matter  presented  in  Figs.  720  and  721  is  too  academic  or  complicated  to  com- 
prise material  that  is  suitable  for  inclusion  in  the  Manual.  While  the  basis  for  the  analysis 
is  the  familiar  method  for  redundant  structures,  many  designers  are  not  very  skillful  in 
its  application,  and  the  use  of  the  formulas  will  save  time  and  errors  in  making 
deviations  for  particular  cases. 

The  use  of  the  formulas  requires  merely  the  substitution  of  values  in  the  equations 
and  solving,  and  actually  takes  very  little  time.  The  result  is  the  distribution  of  the 
load  among  the  several  stringers  or  posts,  and  while  admittedly  approximate,  these 
equations  certainly  give  closer  results  than  the  ordinary  assumption  of  equal  load  distribu- 
tion. The  language  of  the  specifications  makes  use  of  the  formulas  optional. 

There  are  many  precedents  for  the  inclusion  of  material  of  this  general  character 
in  the  Manual. 

If  formulas  are  needed  for  the  tilting  of  cars  on  curves,  as  suggested  by  Mr.  Bolin, 
it  seems  to  me  they  should  be  supplied  by  the  Committee  on  Clearances. 

Mr.  Dise  suggests  the  elimination  of  the  entire  section  on  loads.  While  the  loads 
stipulated  are  the  same  as  for  steel  structures,  there  are  some  qualifications  peculiar  to 
timber  structures,  notably  the  emphasis  placed  on  loads  less  than  E— 72  live  load  for 
structures  of  short  fife,  and  the  entire  omission  of  impact,  wind  and  centrifugal  force 
for  stringers,  in  recognition  of  the  greater  strength  of  timber  for  loads  of  short  duration. 

The  appended  analysis  of  the  stresses  in  timber  stringers  of  a  typical  span  for  the 
various  loads  shows  that  there  is  a  factor  of  safety  of  about  1.35  for  all  loads  which 
might  have  a  5  min.  duration,  and  about  1.7  for  impact  loads  of  very  short  duration, 
on  the  basis  of  designing  for  five  load  and  dead  load  only.  This  seems  reasonable,  since  a 
strength  ratio  of  60  percent  is  also  included  to  cover  defects  and  deterioration  due  to 
exposure. 

Mr.  Robbins  questions  the  depth  and  width  ratios  stipulated  in  Section  103.  With 
the  specified  depth  ratio  of  1/12  of  the  span,  the  deflection  (at  a  fiber  stress  of  1,575  lb. 
per  sq.  in.)  will  be  1/320  of  the  span,  or  7/16  to  9/16  in.  for  ordinary  stringer  spans. 
The  depth  ratio  of  1/10  which  he  proposes  would  result  in  a  deflection  of  1/385  of  the 
span,  which  would  amount  to  Y%  to  Yi  m-  f°r  ordinary  stringer  spans.  As  these  deflec- 
tions produce  vertical  curvatures  more  than  20  times  as  great  as  the  usual  limits  for 
vertical  curves,  any  reduction  in  deflection  effected  by  the  use  of  deeper  beams  is 
desirable.  However,  for  heavy  traffic  designs  the  stringers  will  necessarily  be  of  greater 
depth  than  required  to  meet  the  depth-span  ratio;  for  light  traffic  lines  deflection  is  of 
little  importance. 

So  far  as  his  proposal  to  increase  the  width-to-depth  ratio  from  1/3  to  4/10  is 
concerned,  I  wish  to  point  out  that  neither  of  these  ratios  insures  a  stringer  that  would 
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be  stable  by  itself  under  lateral  forces.  Therefore,  it  is  necessary  to  bolt  the  stringers 
together  in  groups  at  or  near  the  supports.  We  feel  that  the  ratio  of  1/3  is  reasonable 
as  a  minimum  and  should  be  retained. 

He  also  suggests  as  an  alternate  case  in  the  design  of  the  caps  that  the  load  be 
assumed  as  being  divided  equally  among  the  piles.  This  appears  to  be  a  reasonable 
precaution  against  underestimating  the  load  on  the  outer  pile  in  a  case  where  the  actual 
distribution  should  differ  from  that  assumed  in  the  design. 

In  answer  to  Mr.  Robbins'  suggestion  that  the  horizontal  shear  be  reduced  in  beams 
of  large  overhang,  I  wish  to  cite  information  presented  by  the  late  J.  A.  Newlin, 
formerly  in  charge,  Division  of  Timber  Mechanics,  U.  S.  Forest  Products  Laboratory, 
Madison,  Wis.,  who  reported  that  tests  of  beams  with  overhanging  ends  showed  less 
resistance  to  horizontal  shear  than  those  ending  at  the  support. 

As  stated  by  Mr.  Selby,  centrifugal  force  by  itself  is  not  reduced  by  superelevation. 
However,  superelevation  does  introduce  an  eccentricity  in  the  application  of  the  gravity 
load,  which  partly  counteracts  the  effect  of  the  centrifugal  force.  It  would  seem  that  this 
is  the  idea  which  it  was  intended  to  convey  in  the  language  of  the  paragraph  in  question. 

Stresses  Due  to  Various  Load  Effects  on  Stringers 

Example — 14-ft.  span  (13  ft.  4  in.  c.  to  c.  of  bearings),  designed  for  E-72  Loading 
Material  1,600/  yellow  pine  or  Douglas  fir.  Use  stress  of  1,400  lb.  per  sq.  in.  for  "occa- 
sionally wet  but  quickly  dried".  Four  8-in.  by  18-in.  stringers  per  rail.  Assumed  ultimate 
strength  (based  on  a  modulus  of  rupture  of  5,920  lb.  per  sq.  in.  for  average  clear  speci- 
mens in  green  condition,  at  average  speed  of  testing.  Stringers  reduced  to  60  percent  for 
grading  and  exposure) : 

Pounds  Per 
Square  Inch 

Long-time  loading  (9/16  of  S-min.  loading)    2,000 

Short-time  loading  (5  min.)    3,550 

Impact  loading  (200  percent  of  5-min.  loading)    7,100 


Dead  load   

Live  load   (E  72) 


Moment 

Fiber  Stress 

1,000  Ft.  Lb. 

Lb 

Per  Sq 

In. 

Factor  of  Safety 

10 

70 

180 

1,330 

190 

1,400 

201 

1,480 

13 

100 

9* 

70 

38* 

280 

30 

220 

22* 

160 

100 

740 

71 

520 

190 

1,400 

1.43 

347 

2,560 

1.38 

369 

2,730 

1.30 

Total  design  load    , 

Impact,    112%    

Wind,  overturning  

Wind,   lateral  bending 

Sway,  say,  50%  effective   

Superelevation   (3  in.)    , 

Lateral  bending 

Centrifugal  force  (1.75%)    

Lateral  bending   

Long  time  loading  (2,000  psi) 

DL  +  LL     

Short  time  loading   (3,550  psi) 

DL  +  LL+ Sway+CF     .. 

DL  -f-  LL  +  Sway  +CF  +Wind 
Impact  loading  (7,100  psi) 

DL  +  LL  +  I  +  Sway  +  CF    .  .         542  4,040  1.76 

DL  +  LL  +  I  +  Sway  +  CF  + 

Wind     570  4,210  1.68 


*  Equivalent  vertical   moment. 
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Chairman  R.  P.  Hart  (Missouri  Pacific) :  Several  of  those  who  have  commented 
on  the  specifications  contend  that  the  determination  of  load  distributions  developed  in 
Figs.  720  and  721  is  too  complex,  but  to  my  mind  a  pile  trestle  deserves  just  as  much 
attention  in  its  design  as  any  other  kind  of  a  bridge,  because  failure  would  be  just  as 
disastrous  in  a  timber  structure  as  in  any  other.  Furthermore,  I  do  not  see  that  any 
needless  labor  would  be  spent  in  designing  under  these  specifications,  as  structures  of 
the  type  covered  are  generally  made  standard  and  when  once  designed  the  plans  would 
be  used  again  and  again  without  the  need  for  additional  computations. 


Discussion  on  Roadway  and  Ballast 

(For  Report,  see  pp.  489-548.) 

H.  M.  Tremaine  (Northern  Pacific) :  I  am  very  much  interested  in  Subject  2, 
Natural  waterways:  Prevention  of  erosion,  but  I  suggest  that  the  report  on  this  subject 
be  received  in  its  present  form  as  information  rather  than  for  adoption  and  publication 
in  the  Manual.  In  support  of  this  proposal  I  offer  the  following  comments: 

1.  Page  490. — I  suggest  that  the  first  paragraph  be  rewritten  as  follows: 

The  reduction  in  stream  gradient  by  means  of  check  dams  as  an  erosion 
preventive  is  practical  in  a  physical  sense  for  all  streams,  without  regard  for  the 
character  of  the  channel  material.  The  design  will  be  governed  by  the  objective 
and  the  characteristics  of  the  individual  streams. 

2.  Page  491. — I  suggest  that  the  last  sentence  of  the  first  paragraph  be  changed  to 
read: 

While  it  is  not  always  practical  to  completely  stop  the  transportation  of  the 
finer  materials  which  would  be  held  in  suspension  through  the  opening  under  the 
track,  it  is  practical  to  design  the  current  checks  or  retards  so  that  the  cutting 
of  the  channel  involved  will  be  prevented. 

3.  Page  494. — Eliminate  the  third  paragraph  from  the  bottom  which  reads,  "In 
small  streams  where  the  levees  are  -  -  -".  Suggestions  as  to  how  the  work  should  be 
done  do  not  seem  advisable;  anyone  who  can  plan  the  work  should  not  need  advice 
as  to  the  tools  to  use;  and  anyway,  I  do  not  think  all  of  us  could  agree  that  the 
suggestions  made  represent  the  best  practice. 

4.  Page  494.— Change  the  second  paragraph  from  the  bottom  to  eliminate  specific 
dimensions,  as  these  are  dependent  on  detail  findings.  I  suggest  that  it  be  revised  to  read: 

Care  will  need  to  be  exercised  in  planning  the  amount  of  bank  protection 
at  the  check  dams;  observations  of  performance  should  be  made  during  the  time 
of  the  first  real  run-off  to  determine  adequacy. 

5.  Page  496. — In  the  first  paragraph  under  "Check  Dams",  the  second  sentence 
should  be  changed  to  read:  "'Check'  means  a  check  of  the  velocity  and  not  the  quantity 
of  water". 

6.  Page  497.— 1  do  not  like  the  first  two  paragraphs  because  they  are  not  sufficiently 
illuminating  as  to  the  other  methods  which  should  be  within  the  range  of  the  com- 
mittee's knowledge.  I  suggest  the  following  change: 

The  check  described  previously  in  this  report  is  a  fine  example  of  a  large 
installation,  well  conceived  and  successfully  carried  out.  There  is  a  large  field, 
however,  in  the  erosion  control  of  smaller  streams  and  of  side  ditches  which  well 
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merits  the  attention  of  the  maintenance  and  construction  engineer.  The  designs 
that  may  be  used  are  of  various  types,  such  as  preframed  creosoted  timber, 
woven  wire  fencing  enclosing  rock  larger  than  its  meshes,  and  perhaps  other 
designs. 

7 .  Page  497. — I  suggest  the  elimination  of  the  conclusions. 

W.  H.  Penfield  (Chicago,  Milwaukee,  St.  Paul  &  Pacific):  I  have  given  considera- 
tion to  the  letter  from  Mr.  Tremaine  offering  constructive  criticisms  of  the  report.  His 
first  and  second  suggestions  seem  desirable,  but  I  believe  the  third  is  questionable,  as  I 
see  no  objection  to  showing  some  suggestion  on  how  the  grading  work  is  to  be  done. 
It  might  read: 

In  small  streams  where  levees  are  within  the  working  range  and  where  the 
stream  flow  permits,  the  channel  work  may  be  performed  by  a  shovel  working 
within  the  channel.  On  larger  streams  draglines  or  other  modern  machines  may 
be  necessary.  The  side  slopes  and  channel  beds  should  be  hand  dressed  to  uniform 
line  and  grade  to  insure  smooth  hydraulic  action. 

Suggestion  4  might  be  made  to  read  as  follows: 

Riprap  paving  should  be  installed  across  the  channel  bed  from  the  edge  of 
the  check  dam  aprons  for  a  width  of  four  to  six  feet  and  the  side  slope  should  be 
similarly  protected  at  the  upper  and  lower  ends  of  the  anchor  cribs.  Observations 
of  performance  should  be  made  during  the  time  of  the  first  real  run-off  to 
determine  adequacy. 

I  believe  the  suggested  widths  shown  in  the  original  report  are  helpful  but  do 
believe  that  Mr.  Tremaine's  suggestion  about  the  possibility  of  further  protection,  after 
the  run-off  has  been  observed,  is  a  desirable  one.  I  like  his  fifth  suggestion  which  would 
change  the  first  paragraphs  on  check  dams  to  read: 

The  term  "check  dam"  in  this  report  means  structures  which  provide  ver- 
tical steps  in  the  channel  floor.  "Check"  means  a  check  of  velocity  and  not  a 
check  of  the  quantity  of  water. 

Mr.  Tremaine  offers  some  good  advice  in  his  sixth  and  seventh  comments,  and  if 
carried  out,  would  lead  to  the  acceptance  of  the  report  as  one  of  the  progress  and  the 
reassignment  of  the  subject. 

Subcommittee  Chairman  L.  S.  Rose  (Erie) :  The  following  comments  on  Mr.  Tre- 
maine's criticisms  are  presented  in  the  order  in  which  they  appear  in  his  remarks: 

1.  Page  490. — Mr.  Tremaine  was  unaware  that  the  text  to  which  he  refers  had  been 
modified  after  considerable  discussion  in  committee  two  years  ago,  and  I  am  sure  that 
the  subcommittee  would  unanimously  disagree  with  his  statement  that  the  check  dam 
method  of  preventing  erosion  is  practical  in  a  physical  sense  for  all  streams.  It  may  be 
possible  but  it  certainly  is  not  practicable.  Check  dam  control  is  no  cure-all.  During  the 
past  two  years  I  have  completed  the  design  for  the  control  of  two  streams  and  have 
under  consideration  a  third  where  check  dam  control  is  utterly  impracticable.  On  two 
of  those  streams  it  would  be  impossible,  without  enormous  expense,  to  increase  the 
channel  width  as  required  under  this  method  and  on  the  other  the  length  of  stream 
which  must  be  controlled  is  entirely  beyond  economic  limits.  Other  effective  methods  of 
control  will  be  much  cheaper. 
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2.  Page  491. — I  do  not  approve  the  text  proposed  under  this  paragraph  as  I  can- 
not see  that  it  would  ever  be  practical  to  stop  the  transportation  of  channel  materials 
which  would  be  carried  through  the  waterway  opening.  If  any  velocity  of  flow  is  per- 
mitted, there  is  bound  to  be  some  transportation  of  the  finer  materials. 

3.  Page  494. — The  paragraph  here  to  which  Mr.  Tremaine  objects  is  included  merely 
as  a  suggested  method  as,  in  fact,  are  several  other  paragraphs  of  the  report,  and  as 
such  I  believe  it  should  remain  in  the  report  even  though  we  do  not  expect  that  the 
suggestion  will  be  adhered  to  any  more  than  any  other  recommended  practice.  I  would 
not,  however,  have  any  objection  to  the  change  suggested  by  Mr.  Penfield. 

4.  Page  494. — I  do  not  consider  that  the  statement  "four  to  six  feet"  is  a  specific 
dimension  but  it  does  give  a  user  of  this  report  some  idea  of  what  protection  will  be 
required.  These  limits  were  determined  from  actual  experience.  Some  protection  must 
be  provided  before  the  first  real  run-off  occurs.  Here  again  I  would  have  no  objection 
to  the  paragraph  suggested  by  Mr.  Penfield. 

5.  Page  496.— I  do  not  agree  with  the  change  suggested  here  by  either  Mr.  Tre- 
maine or  Mr.  Penfield.  The  phrase  "of  channel  materials"  is  intended  to  prevent  any 
association  of  this  type  of  structure  with  that  of  a  trash  or  gravel  rack. 

J.  L.  Young  (Young  and  Greenawalt) :  In  the  report  on  the  proposed  specifications 
for  corrugated  metal  subdrainage  pipe  the  committee  states  that  at  present  no  material 
of  this  kind  can  be  legally  manufactured.  Since  this  is  the  case,  I  suggest  that  the 
report  be  received  as  information,  as  there  are  some  points  in  it  that  warrant  further 
consideration. 

As  the  proposed  specifications  stand  they  allow  the  manufacturer  to  make  pipe  in 
any  manner  he  wishes.  If  this  is  true,  why  detailed  specifications? 

The  proposed  specifications  allow  the  use  of  18-gage  metal  which  has  never  been 
widely  used  for  culverts.  Metal  would  be  saved  by  using  18  gage,  but  why  stop  at  18 
gage  if  there  is  going  to  be  a  change. 

It  seems  to  me  that  the  alternative  of  punching  holes  after  the  pipe  has  been 
fabricated  should  be  eliminated  from  the  proposed  specifications.  I  do  not  believe  it 
costs  the  manufacturer  any  more  money  to  punch  at  one  time  or  the  other,  and  if  this 
is  true,  the  railroad  should  get  the  better  pipe  assured  by  galvanizing  after  punching. 

Mr.  Penfield:  In  the  specifications  for  subdrainage  pipe,  the  general  requirements 
so  far  as  they  relate  to  the  materials  from  which  the  pipes  are  to  be  made,  the  size  of 
the  corrugations,  galvanizing,  etc.,  are  in  accordance  with  AREA  Specifications  for 
Corrugated  Metal  Culverts.  The  principal  object  of  the  new  specifications  is  to  state 
how  the  perforations  are  to  be  made  and  how  the  pipes  are  to  be  coupled  together. 
Under  heading  4,  Perforation,  the  second  paragraph  provides  that,  "perforations  may 
be  made  before  or  after  the  pipe  is  galvanized".  Ordinarily  we  require  that  the  per- 
forations be  made  before  the  sheets  are  galvanized,  and  consideration  might  be  given  to 
have  the  clause  read,  "Perforations  will  be  made  before  the  pipe  is  galvanized".  [As 
shown  in  the  record  of  the  letter  ballot,  page  .  .  . ,  this  clause  was  changed  to  read, 
"Perforations  may  be  made  after  or  before  the  pipe  is  galvanized  as  specified  by  the 
purchaser.  .  .  ."  in  accordance  with  an  understanding  between  the  Board  Committee 
on  Review  of  1943  Reports  and  the  chairman  of  the  subcommittee  on  Assignment  3  (a)  .J 

Under  No.  5,  Gage  and  Weight,  Table  1,  the  heading  of  the  third  column  is,  "Total 
No.  of  Rows  When  in  Two  Groups".  I  would  suggest  that  this  be  revised  to  read, 
"Total  No.  of  Rows  for  Each   Group  When  Two   Groups  are  Used". 

Subcommittee  Chairman  W.  C.  Swartout  (Missouri  Pacific) :  The  question  has  been 
raised  as  to  whether  the  service  life  of  a  perforated  metal  pipe  will  be  affected  if  the 
perforations  are  made  after  the  metal  has  been  galvanized. 
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This  point  was  the  subject  of  considerable  discussion  by  the  subcommittee  and  the 
entire  Roadway  and  Ballast  committee,  and  the  evidence  presented  led  the  committee 
to  recommend  a  specification  reading,  on  this  point,  "Perforations  may  be  made  after  or 
before  the  pipe  is  galvanized".  As  amended  by  the  Board  of  Direction,  this  clause  reads 
in  the  letter  ballot,  "Perforations  may  be  made  after  or  before  the  pipe  is  galvanized 
as  specified  by  the  purchaser".  The  purchaser  is  therefore  enabled  to  weigh  quotations, 
and,  based  on  his  idea  of  the  probable  respective  lives  of  the  types  offered,  select 
accordingly. 

Actually,  the  recommendation  of  the  committee  was  not  made  lightly  but  only  after 
extensive  evidence  was  presented  proving  to  the  committee's  satisfaction  that  no  differ- 
ence in  service  life  would  result  regardless  of  when  the  perforations  were  punched. 

Perforated  pipe  has  been  sold  in  the  west  coast  states  for  the  past  25  years  with 
only  a  very  small  portion  galvanized  after  the  perforations  were  punched.  The  prin- 
cipal reason  for  this  western  practice,  in  the  beginning,  was  the  expense  and  difficulty 
of  carrying  two  stocks  of  corrugated  metal  sheets,  one  perforated  and  one  not  perforated. 
The  non-perforated  stocks  have  been  carried  and  when  orders  were  received  for  perforated 
pipe  the  metal  was  perforated  on  a  gang  punch.  When  investigations  of  perforated  pipe 
were  made  after  a  few  years  of  service,  it  was  found  that  corrosion  had  not  attacked 
the  vertical  edges  of  the  perforations,  so  today  even  when  sources  of  corrugated  sheets 
are  available  in  the  West  (whereas  the}'  were  not  25  years  ago)  the  only  stocks  carried 
by  corrugated  pipe  manufacturers  are  non-perforated  stocks. 

A  specific  instance  of  an  examination  of  perforated  pipe  in  which  the  perforations 
were  punched  after  the  metal  was  galvanized  was  on  the  grounds  of  the  Orinda  Country 
Club  in  California  in  1934.  Since  golf  courses  require  large  amounts  of  fertilizer,  it  was 
thought  by  some  that  the  perforated  pipe  installation  at  that  location,  after  four  years, 
would  show  the  effects  of  corrosive  attack  on  the  vertical  edges  of  the  perforations.  The 
earth  over  the  pipe  was  removed  for  a  distance  of  four  feet  and  a  cutting  torch  used  to 
cut  away  the  top  third  of  the  pipe  for  a  distance  of  two  feet,  thus  completely  exposing 
the  invert  of  the  pipe.  The  edges  of  the  perforations  were  no  different  in  appearance 
than  the  invert  of  the  pipe. 

Every  railroad  in  the  country  that  uses  corrugated  metal  pipe  has  pipe  in  service 
with  ungalvanized  edges  of  sheets.  This  is  due  to  the  fact  that  sheets  are  generally 
ordered  in  multiple  lengths.  A  15-in.  diameter  pipe,  for  example,  takes  a  corrugated 
sheet  50V2  in.  long,  but  the  pipe  manufacturer  orders  sheets  101  in.  long  and  shears 
them  to  length  at  his  plant.  It  is  impossible  to  find  any  case  in  which  the  life  of  the  pipe 
is  decreased  due  to  these  ungalvanized  sheared  edges. 

There  are  two  explanations  of  why  these  ungalvanized  sheared  and  punched  edges 
are  of  no  consequence.  In  the  first  place,  zinc  is  electro-positive  to  iron  and  in  the 
presence  of  moisture  the  zinc  in  the  area  of  the  ungalvanized  edges  tends  to  plate  over 
the  iron  and  protect  it  against  corrosion.  In  the  second  place,  and  this  is  important, 
after  a  period  of  years  when  the  zinc  in  the  invert  of  the  pipe  is  finally  gone  the  rate 
of  corrosion  will  not  be  influenced  by  the  presence  of  the  perforations;  in  other  words, 
the  corrosion  on  the  "flat"  surface  will  be  at  a  faster  rate  than  along  the  vertical  edges. 
This  fact  can  be  demonstrated  in  the  laboratory,  as  anyone  familiar  with  such  tests  as 
the  salt  spray  test  can  verify.  Corrosion  of  the  edges  of  the  sample  proceeds  no  faster 
than  at  other  areas. 

Since  certain  manufacturing  methods  developed  in  the  past  ten  years  resulted  in  a 
lower  manufactured  cost  of  perforated  pipe  when  the  perforations  were  punched  after 
the  metal  was  galvanized,  the  committee  felt  that  the  specification  should  be  written  to 
permit  the  railroads  to  take  advantage  of  this  fact,  particularly  since  no  reduction  in 
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service  life  of  the  pipe,  as  above  explained,  would  result.  As  revised,  the  purchaser  can 
use  his  judgment  and  specify  either  type. 

As  to  bituminous  coatings,  the  committee  recognized  that  there  are  service  conditions 
where  a  bituminous  coating  is  economical  and  others  where  it  is  not.  The  present 
specification  is  a  basic  specification  covering  metals  and  methods  of  manufacture.  One 
of  the  committee's  assignments  for  1943  is  to  prepare  a  specification  for  bituminous 
coatings  for  corrugated  iron  pipe. 

Mr.  Young:  The  report  on  the  proposed  specifications  for  structural  plate  pipe 
states  that  at  the  present  time  no  material  of  this  character  can  legally  be  manufactured. 
Since  this  is  the  case,  I  suggest  that  the  report  be  received  as  information,  as  there  are 
some  points  in  it  that  warrant  further  consideration. 

The  proposed  specifications  allow  the  use  of  any  number  of  bolts  in  the  longi- 
tudinal seam,  but  do  not  stipulate  the  number.  Under  the  specifications  a  manufacturer 
could  possibly  furnish  a  60-in.  diameter  S-gage  sheet  pipe  with  only  four  bolts  per 
foot.  If  this  pipe  were  put  under  the  track,  it  is  my  belief  that  it  would  not  have  the 
proper  factor  of  safety  regardless  of  the  depth  at  which  it  was  installed.  It  seems  to  me 
that  the  proposed  specifications  should  be  elaborated  with  respect  to  the  number  of 
bolts  to  be  used. 

The  specifications  permit  the  manufacturer  to  punch  the  10-gage  and  8-gage  sheets 
after  they  have  been  galvanized.  I  do  not  believe  it  costs  the  manufacturer  any  more 
to  punch  the  sheets  one  time  or  the  other,  so  I  offer  the  same  observation  that  I  made 
with  respect  to  the  subdrainage  pipe. 

For  a  number  of  years  the  railroads  have  used  8-gage  riveted  pipe  satisfactorily 
under  track  in  diameters  of  60  and  72  in.  On  new  construction  it  might  be  that  the 
plate  pipe  is  better  adapted  than  the  full  round  prefabricated  pipe  from  the  standpoint 
of  handling,  but  it  would  be  my  suggestion  that  nothing  lighter  than  S-gage  be  con- 
sidered, regardless  of  the  diameter. 

Mr.  Penfield:  The  structural  plate  specifications  were  undoubtedly  so  worded  as 
to  provide  for  both  railway  and  highway  culverts  and  actually  were  so  shown  in  the 
report  submitted  at  the  March  1942,  meeting.  The  distinction  now  provided  is  as  be- 
tween pipes  to  be  used  under  tracks  and  pipes  not  under  tracks.  Table  1,  showing  the 
gage  of  the  sheets,  recommends  No.  8  gage  for  60-in.  culverts  for  fills  up  to  a  depth 
of  40  ft.  We  use  No.  8  gage  for  60-in.  and  72-in.  prefabricated  or  riveted  pipes.  We 
have  never  had  occasion  to  use  the  structural  plate  pipes  in  sizes  under  112%  in.,  and 
we  have  always  used  No.  3  gage  on  112^  and  120-in.  pipes.  There  would  be  some 
question  as  to  whether  No.  8  gage  is  sufficient  for  the  60-in.  and  72-in.  pipe  with  plates 
bolted  together  instead  of  riveted. 

The  last  paragraph  under  No.  4,  Spelter  Coating,  at  the  top  of  page  501,  provides 
that: 

All  pipe  and  arches  for  which  3 -ounce  spelter  coating  is  required  shall  be 
galvanized  after  fabrication.  When  gages  No.  8  and  lighter  are  used,  the  metal 
may  be  galvanized  either  before  or  after  fabrication. 

It  would  seem  desirable  in  the  case  of  culverts  to  be  used  under  tracks  to  have  all 
fabrication  done  before  the  sheets  are  galvanized,  and  this  would  also  be  preferable  for 
culverts  to  be  used  under  highways  or  "not  under  tracks". 

Section  23,  Strutting  of  Pipe,  page  506,  mentions  bearing  blocks  or  sills  but  does 
not  give  any  dimensions.  Perhaps  it  would  be  well  to  add  another  column  to  Table  3 
to  show  the  dimensions  of  the  bearing  blocks,  both  upper  and  lower,  with  a  stipulation 
that  these  must  be  adhered  to  whenever  strutting  is  done. 
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Mr.  Tremaine:  In  the  report  on  Assignment  4,  paragraph  1  of  the  conclusions, 
page  512,  the  committee  states,  "The  railroads  at  practically  no  expense  are  building 
very  compact  embankments  -  -  -".  It  seems  to  me  that  this  language  is  both  mislead- 
ing and  improper.  Those  of  us  who  are  concerned  with  grading  work  and  are  doing 
it  now  under  modern  conditions  know  that  an  additional  expense  is  involved  in  obtain- 
ing compact  embankments  by  forming  them  in  layers  and  tamping  either  by  means  of 
hauling  equipment  or  otherwise.  The  expense  of  this  compaction  is  additional,  and  in 
figuring  contracts  or  valuations  it  must  be  taken  into  account.  In  my  opinion,  the 
words  "at  practically  no  expense"  falling  into  certain  hands  could  be  very  harmful. 

Subcommittee  Chairman  Paul  Chipman  (Pere  Marquette):  The  wording  which  Mr. 
Tremaine  objects  to  was  chosen  to  emphasize  the  smallness  of  the  expense  involved  in 
building  embankments  properly,  but  his  letter  implies  that  the  additional  expense  would 
be  enough  to  make  a  difference  in  the  contract  price,  or  in  a  valuation  which,  pre- 
sumably, would  be  based  on  contract  prices.  I  do  not  believe  that  this  is  true  on  work 
involving  the   use   of   carryalls,  which  spread  the  material  as  it  is  dumped. 

Where  dump  trucks  are  used  and  the  materials  are  spread  by  a  bulldozer,  there 
might  be  a  small  increase  in  the  contract  price,  but  in  most  cases  it  is  doubtful  if  the 
contractor  would  make  any  difference  in  his  bid  on  this  account.  He  should  have  a 
bulldozer  on  the  fill  in  any  event  to  smooth  it  up,  fill  ruts,  etc.,  and  it  might  as  well 
be  used  to  spread  material  in  layers.  That  is  the  situation  in  the  territory  with  which  I 
am  familiar,  but  it  may  be  that  Mr.  Tremaine's  experience  is  different.  This  observation 
does  not  apply  to  cases  where  rolling  or  sprinkling  is  done,  as  these  cost  more  money. 

To  take  care  of  cases  where  some  added  expense  is  involved,  I  would  have  no 
objection  to  the  substitution  of  the  words  "little  or  no"  for  the  word  "practically".  I 
would  not  like  to  omit  reference  to  the  cost  entirely,  as  one  of  the  chief  purposes  of 
the  report  is  to  show  that  good  embankments  may  be  built  with  modern  equipment 
by  taking  simple  and  inexpensive  precautions. 

Mr.  Tremaine:  I  appreciate  very  thoroughly  the  points  raised  by  Mr.  Chipman,  and 
undoubtedly  there  are  many  cases  wherein  the  result  desired  is  secured  without  the 
employment  of  what  might  be  called  additional  expense,  but  in  the  field  as  a  whole, 
particularly  where  heavy  construction  is  found,  I  believe  a  commitment  of  this  kind 
on  the  part  of  the  Association  is  undesirable  if  our  cost  data  are  ever  again  to  be  used 
in  bringing  railroad  valuations  up  to  date,  for  any  purpose.  It  was  my  privilege  to  par- 
ticipate in  the  compilations  of  the  basic  valuations,  and  I  know  the  misuse  which  has 
been  made  of  language  of  the  type  to  which  objection  is  entered. 

I  think  that  where  a  definite  requirement  is  had  in  a  grading  contract  and  the 
contractor  must  roll  and  compact  his  fill,  ordinarily  there  would  be  an  increase  in  the 
contract  price  accordingly.  It  is  true  that  where  there  is  no  requirement,  the  end  might 
be  attained  without  extra  cost,  but  in  the  case  of  a  definite  requirement  of  any  kind  in 
a  contract,  it  is  my  experience  that  the  contractors  bidding  on  the  job  give  weight 
thereto. 

I  would  also  like  to  offer  a  comment  on  the  part  of  the  report  on  Assignment  5 
relating  to  French  or  rock  drains,  namely,  sub-paragraph  I  under  paragraph  504.  My 
experience  with  drains  of  this  kind  is  that  they  work  very  well  for  a  few  years  or 
during  the  time  required  for  them  to  become  filled  with  silt,  as  such  filtering  action 
will  take  place  wherever  these  are  used,  the  time  required  depending  upon  the  amount 
of  silt  carried  in  suspension  in  the  water  utilizing  such  drains.  In  view  of  my  experi- 
ence, I  suggest  that  the  language  of  this  paragraph  be  modified  to  show  that  French 
and  rock  drains  are  not  regarded  as  permanent  facilities.  They  are  all  right  to  use  in 
special  cases  where  no  other  means  are  available  or  where  their  construction  is  war- 
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ranted  at  the  time  for  some  other  reason,  but  I  have  never  found  a  rock  drain  nor 
constructed  one  which  did  not  ultimately  fail  of  its  purpose. 

I  note  also  that  Mr.  Paine's  subcommittee  on  Assignment  6  makes  reference  to 
rock  drains  on  page  SIS,  first  paragraph,  under   (601)   E,  Stabilization  Methods. 

Subcommittee  Chairman  H.  E.  Tyrrell  (Southern  Railway) :  In  suggesting  the  report 
on  Assignment  5  to  our  chairman,  Mr.  Botts,  I  stated  that  one  of  the  objects  in  writing 
it  was  to  prevail  on  railway  engineers  to  read  what  is  printed  in  the  Manual  on  the 
subject  of  roadway  drainage,  there  being  considerable  of  this  material  as  indicated  by 
the  references.  Some  of  this  is  not  in  keeping  with  the  experiences  of  individual  main- 
tenance officers,  but  on  the  whole  it  is  good. 

The  assignment,  Adherence  to  recommended  practices,  does  not  call  for  recom- 
mendations, and  the  report  of  the  committee  does  not  include  any.  Furthermore,  the 
experiences  of  individual  maintenance  men  are  so  varied  that  it  would  have  been  diffi- 
cult to  have  developed  any  recommendations  that  would  have  applied  to  all  conditions. 
The  committee  simply  offered  the  observation  that  railroads  are  extensively  using  arti- 
ficial drainage  as  recommended,  and  that  they  are  also  using  subsurface  drainage  as 
recommended,  where  such  drainage  appears  necessary  and  economical.  The  committee 
as  such  has  not  recommended  either  type  of  drainage  as  preferable  to  the  other. 

From  personal  experience,  I  am  a  firm  believer  in  getting  rid  of  water  as  a  means 
of  producing  roadbed  stabilization.  In  many  instances  this  can  be  accomplished  by 
drainage;  however,  it  is  difficult  to  separate  water  from  some  soils  and  such  soils  arc 
not  suitable  for  roadbed  construction.  This  has  been  demonstrated  by  the  Public  Roads 
Administration  and  many  of  the  state  highway  departments  and  engineers  engaged  in 
special  studies  of  soils. 

So  far  as  the  subject  assigned  to  Subcommittee  6  is  concerned,  Mr.  Paine  no  doubt 
has  definite  information  on  the  four  methods  other  than  drainage  that  are  described  in 
his  report,  and  I  can  conceive  of  locations  across  swamps  or  tidewater  flats  where  con- 
crete slabs,  wood  mats  or  grouting  might  be  real  necessities.  I  have  had  considerable 
experience  in  driving  cull  ties,  poles,  piling  or  scrap  rail,  extending  back  to  1915,  1916, 
and  1917,  during  which  period,  I  drove  many  piles  to  stabilize  roadbeds  in  cuts  and  in 
fills.  During  this  experience  I  recall  locations  where  a  second  driving  had  to  be  resorted 
to  after  the  lapse  of  a  few  years'  time,  and  within  the  last  five  years  I  have  provided 
subsurface  drainage  at  more  than  one  location  where  piles  were  previously  driven,  and 
at  one  location  we  found  three  lines  of  short  piles  or  crossties. 

I  realize  that  different  sections  of  the  country  may  reach  different  conclusions  as  to 
the  results  from  subdrains  and  that  experiences  may  be  entirely  different  with  the  use 
of  French  drains,  but  I  am  only  trying  to  show  in  the  subcommittee  report  that  a  pre- 
ponderance of  the  railroad  companies  which  answered  the  questions  about  the  subject 
matter  generally  used  French  drains  where  such  a  drainage  facility  appeared  to  be  nec- 
essary and  economical;  therefore,  I  think  the  question  of  the  wording  of  the  report  is 
not  serious,  but  the  real  issue  is  whether  you  take  exception  to  page  1^5 1  of  the  Manual 
headed— "French  or  Rock  Drains." 

I  can  give  the  results  of  quite  a  little  experience  with  French  or  rock  drains,  which 
extends  over  25  years  or  more,  and  from  that  experience  I  would  say  that  they  are 
successfully  used  in  most  cases.  In  some  cases  perhaps  they  fill  up  by  silting.  In  other 
cases  they  have  not  been  carried  to  a  sufficient  depth  to  reach  the  bottom  of  the  water 
and  have,  therefore,  not  produced  the  best  of  results,  but  on  the  whole  I  think  the 
results  of  their  use  have  more  than  justified  their  construction.  This  is  simply  an  opinion, 
of  course,  and  is  not  intended  either  to  support  or  detract  from  the  report  of  the 
subcommittee. 
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Meyer  Hirschthal  (Delaware,  Lackawanna  &  Western):  On  page  528,  item  3  (b), 
would  it  not  be  desirable  to  insert  the  words  "resulting  from  test  for  abrasion"  after 
"wear"  in   the  first  line? 

Subcommittee  Chairman  Stanton  Walker  (National  Sand  and  Gravel  Association): 
I  believe  that  Mr.  Hirschthal  has  raised  a  good  point  and  that  it  would  be  desirable  to 
say  something  concerning  the  kind  of  wear  meant.  However,  to  add  the  modified  clause 
in  the  position  suggested  by  him  seems  to  me  to  make  a  clumsy  sentence.  I  prefer 
rewording  the  entire  sentence  somewhat  as   follows: 

The  percentage  of  wear  of  prepared  ballast,  tested  in  the  Los  Angeles 
machine,  shall  not  be  greater  than  40  percent  except  as  otherwise  specified  by  the 
engineer. 

Mr.  Hirschthal:  The  second  paragraph  on  page  SIS  of  the  report  on  retaining 
structures  refers  to  weep  holes.  It  is  my  observation  that  combinations  of  longitudinal 
drains  and  weep  holes  are  frequently  used. 

Subcommittee  Chairman  G.  W.  Payne  (Missouri  Pacific) :  I  do  not  recall  frequent 
uses  of  such  a  combination,  although  admittedly  conditions  arise  where  a  combination 
is  justified.  With  this  thought  in  mind,  I  would  suggest  that  a  sentence  be  included  after 

" to  carry  the  drainage  to   the  face   of   the  wall"  reading,  "A  combination   of 

longitudinal  drains  and  weep  holes  is  sometimes  used". 

Mr.  Hirschthal:  In  the  recommended  procedure  for  grouting,  item  6,  Grout, 
page  544,  I  suggest  that  the  last  sentence  of  the  first  paragraph  be  revised  to  read,  "The 
amount  of  water  required  to  produce  proper  fluidity  should  vary  from  8  to  10  gal.  per 
sack  of  cement  and  should  be  determined  by  trial". 

Subcommittee  Chairman  J.  M.  Podmore  (New  York  Central) :  While  I  see  no 
particular  advantage  in  this  change,  I  have  no  objection  to  it. 
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Pile  Tests  Point  to  Limitations  of  Current  Specifications 
for  Bearing  Power 

By  Roscoe  Owen 
Construction  Engineer,  Missouri  Pacific  Lines,  Houston,  Tex. 

Plans  for  the  control  of  river  floods,  providing  for  a  floodway  5  miles  wide  to 
divert  waters  from  the  river  at  flood  stage,  required  the  construction  of  bridges  and 
trestles  2>l/2  miles  long  on  the  highway  and  railroads  crossing  this  floodway.  The  con- 
struction of  these  high  level  crossings  over  the  floodway  was  authorized  by  congressional 
acts  during  the  past  few  years,  but  before  definite  conclusions  could  be  reached  upon 
the  type  of  bridge,  it  was  necessary  to  make  extensive  investigations  and  tests. 

At  the  location  of  the  bridge,  where  this  test  was  to  be  conducted,  the  ground 
is  at  an  average  elevation  of  IS  ft.  above  mean  gulf  level.  The  material  on  which  the 
bridge  will  be  founded  is  clay,  loam,  and  silty  clay  with  a  rather  high  water  content, 
and  with  a  ground  water  elevation  of  not  more  than  5  ft.  from  the  surface  at  any  point 
during  the  driest  season  of  record.  Beneath  this  clay  is  a  sand  of  undetermined  thickness 
at  an  average  distance  of  86  ft.  varying  from  70  to  98  ft.  from  the  surface  of  the 
ground.  Exhibit  A  shows  two  sets  of  borings,  one  between  the  surface  of  the  ground 
and  an  elevation  of  about  -65  ft.,  the  other  a  supplemental  set  of  borings  to  determine 
approximately  the  elevation  of  the  top  of  the  sand. 

Arrangements  for  the  Conduct  of  the  Test 

Through  contractual  relations  with  the  federal  government  regarding  this  project, 
arrangements  were  made  for  a  test  of  piles  to  determine  the  most  economical  type  of 
structure.  Before  beginning  the  pile  test  a  tentative  study  had  been  made  and  a  theory 
advanced  that  concrete  piles  of  large  cross  section  might  be  used  with  reasonable  pene- 
tration. This  idea  was  largely  based  on  the  theory  that  piles  of  large  cross  section  would 
compress  material  adjacent  to  the  pile  when  driven  and  develop  a  very  large  bearing 
capacity.  At  the  same  time  consideration  was  being  given  to  the  use  of  timber  friction 
foundation  piles.  Specifications  were  drawn  up  based  on  American  Railway  Engineering 
Association  specifications  for  foundation  piles.  Included  in  the  test  were  two  30-in.  hollow 
concrete  piles,  this  type  being  proposed  to  provide  the  lightest  possible  weight  with  the 
large  cross  section  and  stiffness  required  to  handle  long  piles.  A  summary  of  the  record 
of  all  the  tests  is  shown  in  Exhibit  C. 

On  the  9-pile  group,  T21  to  T29,  a  load  of  20  tons  per  pile  was  allowed  to  stand 
from  February  IS,  1940,  to  September  1,  1940.  The  average  maximum  gross  settlement 
of  this  group  was  J4  m->  however,  while  loaded  it  recovered  almost  */$  in.  The  settle- 
ment appeared  to  vary  with  weather  conditions.  This  may  be  due  partly  to  variation  in  the 
elevation  of  bench  marks  and  partly  to  variation  of  moisture  content  of  the  upper  strata 
of  earth.  Approximately  30  tons  per  pile  was  loaded  on  the  9-pile  group,  Til  to  T19, 
which  produced  an  average  net  settlement  of  about  3/16  in.  and  a  gross  settlement  of 
5/16  in. 

The  8-pile  group  with  piles  of  50-ft.  penetration  was  loaded  with  340  tons,  or  42.5 
tons  per  pile.  Under  this  load  the  gross  settlement  amounted  to  T/2  in.  The  group  was  par- 
tially unloaded,  but  the  remaining  load  of  242  tons  which  was  allowed  to  stand  94  hours, 
increased  the  settlement  to  $/%  in.  gross.  When  the  group  was  unloaded  the  piles  recovered 
3/16  in.  This  group  was  considered  to  have  been  loaded  almost  to  the  point  of  failure. 

ml 
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Consultants  Were  Called  In 

When  the  tests  on  the  group  described  above  were  completed  the  United  States  Army 
engineers  called  in  as  their  consultants,  the  associated  firms  of  Modjeski  &  Masters  and 
the  J.  F.  Coleman  Engineering  Company,  and  at  the  request  of  Mr.  Frank  M.  Masters, 
arrangements  were  made  to  load  &nd  test  a  16-pile  group.  Mr.  Masters  did  not  consider 
the  9-pile  group,  Til  to  T19,  had  reached  the  point  of  failure  and,  of  course,  the  9-pile 
group,  T21  to  T29,  carrying  20  tons  for  several  months,  showed  no  indication  of  failure. 
Arrangements  were  made  to  reload  these  groups  to  complete  failure.  A  reloading  of 
the  9-pile  groups  resulted  in  the  application  of  56.3  tons  per  pile  on  group  Til  to  T19, 
and  55.3  tons  per  pile  on  group  T21  to  T29  at  the  point  of  failure.  The  16-pile  group, 
designated  T37  to  T52,  failed  at  a  load  of  42.9  tons  per  pile. 

Accompanying  this  article  are  three  charts,  Exhibits  Dl,  D2  and  D3,  showing  the 
driving  record,  sounding  tests,  pile  spacing  and  loading  tests  on  representative  pile 
groups.  Exhibit  Dl  shows  the  behavior  of  the  9-pile  group  T11-T19  under  the  original 
loading  of  about  30  tons  per  pile  completed  January  31,  1940,  when  the  load  was  re- 
moved and  Exhibit  D2  shows  the  behavior  of  the  same  9-pile  group  T11-T19  under  a 
failure  load  of  56  tons  per  pile  completed  December  20,  1940.  Exhibit  D3  shows  the 
behavior  of  the  16-pile  group  T37-T52  under  a  failure  load  of  42.9  tons  per  pile. 

The  failure  of  a  single  friction  pile  was  very  complete  and  definite.  When  the  load 
reached  maximum  shearing  capacity  of  the  ground,  the  pile  plunged.  The  failure  of  the 
group  is  identical  with  that  of  a  single  pile  except  when  the  point  of  maximum  shear  is 
reached  there  is  an  area  formed  by  the  group  at  the  toe  of  the  piles  that  sustains  the 
load;  and  while  the  failure  is  very  definite  the  group  does  not  plunge  with  the  same 
speed  as  that  of  the  single  pile,  but  settles  less  rapidly. 

While  further  tests  were  conducted  on  the  16-pile  group  and  the  two  reloaded  9-pile 
groups,  Mr.  Harry  J.  Engel,  on  the  staff  of  Modjeski  &  Masters,  after  trying  all  the 
known  mathematical  formulas  for  appraising  soil  behaviors,  expanded  Boussinesq's  equa- 
tion for  the  distribution  of  pressures  resulting  from  pile  loads,  from  which  the  failure 
load  on  a  given  group  could  be  predicted  very  closely  from  the  results  of  a  test  on  a 
single  pile.  Of  all  the  mathematical  formulas  examined  by  Mr.  Engel  the  Boussinesq 
equation  was  the  only  one  that  came  near  checking  the  actual  results  obtained  from  the 
test.  The  investigation  further  indicated  that  the  capacity  of  the  piles  in  a  group  varied 
with  the  shape  of  the  group  and  the  number  of  piles. 

Piles  Have  No  Point  Bearing 

It  must  be  kept  in  mind  that  the  friction  pile  in  soil  having  the  characteristics  of 
that  in  this  locality  is  practically  without  any  point  bearing,  and  the  loads  are  sus- 
tained by  the  surrounding  earth,  apparently  from  tests  made  here,  extending  from  the 
surface  to  the  point.  The  development  of  Boussinesq's  equation  was  based  on  such  a 
distribution,  with  the  modification  introduced  in  the  formula,  of  a  factor  C  =  1.5.  Gen- 
erally, the  butt  diameter  of  a  timber  pile  is  about  two  times  the  tip  diameter  and  if 
no  consideration  were  given  to  more  effective  pressure  at  the  tip  this  factor  C  would 
be  2.  The  shear  value  at  the  tip  of  the  pile  is  considered  more  efficient  because  of  in- 
creased pressure  and  therefore  a  factor  of  only  1.5  instead  of  2  is  used  to  compensat 
for  the  difference  in  the  diameter  of  the  tip  and  the  butt.  Mr.  Masters  has  presented 
a  paper  developing  the  theory  of  distribution  of  pile  loads  entitled  "Timber  F«'  tion 
Foundation  Piles"  which  was  published  in  the  November,  1941,  Proceedings  of  the 
American  Society  of  Civil  Engineers. 
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REMARKS 

Piles  TI/.-TI2  and  TI6  settled  more 
rapidly  than  the   others   in  the  groopundet 
the  SOTSTon  Load.  Alter  this  Load  hod 
been    in  position  for  S hours  port  of  the 
Load   was  carried  by  bracing  system. 

This   Load  remained  on   group  from 
March  19-4-0  until   resumption  of  loading 
test  October  16-40  See  Resumption 
of  Test  on    9  Rile  Oroop. 

Piles  T-21,  T26  and    T27  began  to  settle 
more   rapidly  than  the   others  in  the 
group  under  the  498T  load  To  ovoid 
spilling  the  test  load,  it  was  removed 
after  above    duration. 

SUMMARY  OF  TEST  PILE  DATA 

Average  Load  per  Pile  in  Tons 
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LOADING  AND  DRIVING  CHARTS 
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Timber Piles  Avemge  Yaluea 
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Pile  Group 


Reloading  Charts 
Timber  Gpoup  Piles.  39  Ft.  Left  Sta.  16  75*  81s 
Driven  Jan4*S.I'J40.  Reloading  Completed  Dec.  20,  1940 
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Peloaoin<s  Charts 
Timber  Group  Piles,  3? Ft.  Left,  Sta.  /<£  75+81* 
Driven  jA/i4*£,/9f0.  Reloading  Completed  Dec  20. 1940. 
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Pile    Bcarins;    Power    Tests  m3 

Although  the  test  indicates  very  close  agreement  to  this  theory,  it  is  a  fact  that 
piles  of  long  penetration,  for  instance  pile  T34  reloaded  to  failure,  had  less  capacity 
per  square  foot  of  surface  in  contact  with  the  earth  than  the  60-ft.  pile  T10,  and  only 
a  small  increase  over  the  SO-ft.  friction  pile  Tl.  If  it  is  true  that  the  shear  value  is  more 
efficient  at  the  tip,  piles  of  greater  penetration  should  have  a  larger  average  capacity 
per  unit  of  embedded  area.  More  tests  are  required  to  insure  the  soundness  of  the  theory, 
and  it  is  possible  that  a  more  exact  value  for  the  factor  C  can  be  developed  from  future 
tests. 

Tests  of  Hollow  Concrete  Piles  Were  Disappointing 

The  results  of  the  test  of  30  in.  hollow  concrete  piles  as  friction  piles  were  dis- 
appointing and  the  conclusion  was  reached  early  in  the  tests  that  a  pile  of  that  type 
could  be  used  only  by  developing  point  resistance,  which  required  a  pile  of  sufficient 
length  to  reach  the  sand  underlying  the  clay.  Pile  Cl,  driven  to  a  penetration  of  51  ft. 
failed  completely  at  a  load  of  87  tons.  Pile  C2,  reached  a  penetration  of  81.5  ft.  in  an 
attempt  to  drive  it  into  the  sand  with  a  No.  0  Vulcan  hammer.  The  weight  of  the  ham- 
mer was  not  great  enough  to  overcome  the  friction  resistance  in  the  clay  and  the 
pile  never  reached  the  sand.  This  pile  failed  at  a  load  of  127  tons  with  a  capacity  per 
square  foot  of  surface  in  contact  with  the  earth  of  380  lb.,  not  including  the  weight 
of  the  pile,  and  454  lb.,  including  the  weight  of  the  pile.  The  capacity  of  this  pile  per 
square  foot  of  area  in  contact  with  the  earth  by  penetration,  not  including  the  weight 
of  the  pile  was  56  percent  of  that  of  a  timber  pile  Tl  with  50  ft.  of  penetration,  and 
49  percent  of  that  for  pile  T34  with  83  ft.  of  penetration.  Concrete  piles  were  driven 
into  the  sand  at  the  location  of  other  crossings  that  developed  a  high  load-carrying 
capacity. 

Apparently  large  piles  instead  of  compacting  the  earth  and  increasing  the  shear 
value  decrease  it  because  of  a  greater  disturbance  of  the  soil  caused  by  driving  them  than 
is  caused  by  driving  a  smaller  tapered  pile.  At  any  rate,  the  results  of  the  tests  on  the 
two  hollow  concrete  straight  sided  piles  embedded  in  the  clay  as  friction  piles  indicate 
a  much  less  value  in  capacity  per  square  foot  of  area  in  contact  with  the  earth  by 
penetration  than  any  forms  of  smaller  tapered  piles. 

A  steel  pile  S2,  lagged  with  concrete  was  driven  into  the  sand  to  a  firm  resistance 
with  a  No.  0  Vulcan  hammer,  and  after  standing  for  3  days  this  pile  was  loaded  by  in- 
crements until  a  145-ton  load  had  been  applied  when  it  failed  laterally  at  the  ground 
line.  The  top  of  this  pile  was  guyed  off  and  failure  was  no  doubt  due  to  a  slight  settle- 
ment that  released  the  guys.  The  ground  was  tamped  up  tight  with  gravel  at  the 
surface  of  the  earth  around  the  pile  but  probably  due  to  driving  the  blunt  point  through 
the  soil,  only  limited  lateral  pressure  sustaining  the  pile  or  preventing  bending  was 
applied  from  the  top  of  the  lagging  to  the  surface  of  the  ground. 

An  unlagged  steel  pile  SI,  was  driven  with  a  No.  1  Vulcan  hammer  to  a  firm  resistance 
in  the  sand  and  loaded  with  increments  until  a  load  of  150  tons  had  been  applied,  when 
the  pile  completely  failed  by  settlement. 

Monotube  Piles 

Three  Monotube  piles,  designated  in  the  driving  test  as  Ml,  M2  and  M3,  were  driven 
into  the  sand.  Two  of  these  piles  were  tapered  1  in.  in  7  ft.  from  an  8-in.  tip  to  a  diameter 
of  16  in.,  and  the  third  pile,  designated  M3,  was  tapered  1  in.  in  4  ft.  from  the  8-in.  tip, 
a  distance  of  40  ft.  to  18  in.  in  diameter.  The  16  in.  piles  were  constructed  with  7-gage 
metal  and  the  18  in.  pile  was  constructed  of  3-gage  metal. 


m4      Pile    Bearing    Power    Tests 

The  piles  were,  driven  with  a  No.  1  Vulcan  hammer  to  a  firm  resistance  and  filled 
with  concrete.  After  being  allowed  to  rest  for  3  days  they  were  loaded  by  increments 
in  accordance  with  the  specifications.  One  of  the  16  in.  piles  carried  a  load  of  200  tons, 
the  other  16  in.  and  18  in.  piles,  a  load  of  150  tons  each  without  any  indication  of  failure. 
The  piles  were  very  stiff  and  although  showing  considerable  elastic  compression,  when 
the  load  was  removed,  they  recovered  to  a  net  settlement  of  not  much  over  %  in.,  as 
provided  by  the  specifications.  Pile  M2,  loaded  with  200  tons  recovered  to  a  net  settle- 
ment of  %  in. 

An  examination  of  the  driving  records  indicates  these  piles  carried  their  loads  by  point 
resistance  but  if  the  average  value  of  friction  bearing  per  square  foot  found  by  tests  on 
the  timber  friction  pile  is  assigned  to  the  Monotube  pile,  the  point  load  carried  by  the 
sand  would  not  amount  to  much  over  25  tons.  Two  of  the  Monotube  piles  have  a  taper 
comparable  with  the  taper  of  timber  piles,  and  the  capacity  per  square  foot  of  area  in 
contact  by  penetration  should  equal  that  of  the  timber  piles. 

Criticism  of  Current  Specification  for  Distribution  of  Pile  Load 

An  examination  of  the  results  of  the  test  indicates  that  the  present  specifications, 
which  provide  for  a  working  load  equal  to  half  the  load  remaining  on  the  pile  48  hours 
with  a  resulting  settlement  of  not  more  than  %  in.  after  the  pile  has  been  unloaded  and 
has  recovered,  do  not  afford  a  true  measure  of  the  capacity  of  a  pile.  The  present  AREA 
specifications  provide  that  piles  and  groups  of  piles  shall  be  assumed  to  transfer  their  loads 
to  the  supporting  materials  by  spreading  the  load  uniformly  at  an  angle  of  60  deg.  with 
the  horizontal,  starting  at  the  perimeter  of  the  piles  at  the  top  of  a  satisfactory  bearing 
stratum  in  which  they  are  embedded.  In  material  characteristic  of  that  underlying  the  piles 
tested  there  is  very  little  difference  in  supporting  material  from  the  surface  to  the  sand, 
some  of  which  is  100  ft.  below  the  surface.  The  present  specifications  do  not  provide  any 
method  for  determining  the  capacity  of  the  group  of  piles  with  respect  to  the  capacity 
of  a  single  pile  tested.  There  may  be  no  relation  between  the  capacity  of  a  single  pile 
and  a  large  group  such  as  is  used  under  the  foundation  of  buildings,  but  in  small  groups 
such  as  used  under  steel  viaduct  approaches  or  short  span  trestles,  the  theory  of  Mr. 
Masters  (a  development  of  the  Boussinesq  formula)  very  closely  checks  the  tests. 

Although  the  test  on  the  single,  straight-sided,  large  piles  indicates  a  capacity  per 
square  foot  of  embedded  area  by  penetration  considerably  less  than  the  capacity  per 
square  foot  of  a  smaller  tapered  timber  pile,  there  is  no  proof  that  the  same  relation 
would  obtain  with  a  group  of  large,  straight-sided  piles.  The  interval  of  time  between 
driving  and  the  application  of  the  first  load  was  the  same  for  the  large  concrete,  straight- 
sided  piles  as  for  the  smaller  tapered  timber  piles.  Possibly  if  a  longer  interval  of  time 
between  driving  and  loading  were  used  the  capacity  might  be  increased. 
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Stress  Measurements  in  the  Web  of  Rail  on  the 
Denver  &  Rio  Grande  Western 

By  G.  M.  Magee  and  E.  E.  Cress 
Research  Engineer  and  Assistant  Engineer  of  Tests,  Respectively,  Engineering  Division,  AAR 

In  the  Proceedings  for  1941,  Vol.  42,  page  758,  is  a  report  by  Dr.  A.  N.  Talbot,  late 
chairman  of  the  Special  Committee  on  Stresses  in  Track,  on  the  measurement  of  stresses 
in  the  web  of  112-lb.  rail  in  the  tracks  of  the  Denver  &  Rio  Grande  Western  and  the 
Illinois  Central.  In  concluding  the  report  Dr.  Talbot  suggested  "That  further  tests  and 
investigation  be  made  on  the  occurrence  and  of  the  sources  of  high  vertical  stresses  in  the 
web  of  rail  on  both  tangent  and  curved  track  for  both  112-lb.  and  131-lb.  rail."  This 
report  which  follows  gives  the  results  of  tests  that  were  carried  out  in  accordance  with 
this  suggestion.  In  addition  to  the  study  of  stresses  in  the  webs  of  112-lb.  and  131-lb. 
rail  on  six  degree  curves,  the  investigation  included  stress  measurements  on  a  special 
115-lb.  rail  which  was  rolled  for  an  experimental  installation  in  the  Denver  &  Rio  Grande 
Western. 

This  is  a  progress  report.  Additional  measurements  of  the  stresses  in  rail  on  curved 
track  and  in  131-lb.  rail,  both  in  curve  and  on  tangents,  should  be  made  to  develop  more 
complete  information  on  the  distribution  of  the  vertical  web  stresses  in  both  112-lb.  and 
131-lb.  rail  under  various  service  conditions. 

Tests  of  Vertical  Stresses  in  Web  of  115-lb.  Rail 

In  July  1941,  vertical  web  stress  measurements  were  made  on  tangent  track  of  the 
D.  &  R.  G.  W.  two  miles  east  of  Price,  Utah.  The  track  was  laid  in  May  1941,  with  the 
newly  designed  115-lb.  D.  &  R.  G.  W.  rail.  This  rail  has  the  same  head  and  base  as  the 
112-lb.  RE  rail  and  the  same  top  and  bottom  web  fillets,  but  the  fillets  are  connected  by 
straight  lines  instead  of  by  the  combination  of  10  and  23-in.  radii  for  the  RE  section. 
The  change  thickens  the  web,  which  has  a  thickness  of  |4  m-  at  a  height  of  3^4  in.  above 
the  base,  as  compared  with  Jl  in.  ior  the  112-lb.  rail. 

Track 

The  115-lb.  rail  was  laid  in  May  1941.  The  tie  plates  were  8  in.  by  11^2  in.  with 
double  shoulders  and  1  in  40  cant;  the  eccentricity  of  the  plate  was  T/n  in.  Along  the  200 
ft.  of  test  track  the  actual  measured  cant  ranged  from  1  in  37  to  1  in  60;  the  average 
cant  at  10  places  along  the  north  rail  averaged  1  in  44  and  for  the  south  rail  the  average 
was  1  in  50.  The  ties  had  been  adzed  with  a  power  adzing  machine  with  good  results 
before  the  new  rail  was  laid.  There  were  23  ties,  6  in.  by  8  in.  by  8  ft.,  to  the  39-ft.  rail. 
The  ties  were  in  fair  to  good  condition.  The  ballast  was  black  slag,  placed  to  within  two 
inches  of  the  top  of  the  ties  and  extending  eight  or  ten  inches  beneath  the  bottom  of  the 
ties.  The  line  and  surface  of  the  track  was  from  fair  to  good.  There  was  a  slight  upgrade 
to  the  west. 

Test  Apparatus 

The  testing  equipment  was  installed  in  a  small  portable  building  placed  alongside 
the  test  track.  All  of  the  principal  stress  measurements  were  made  with  carbon  strip  gages 
of  Yi -in.  effective  length  cemented  to  the  rail  surface.  As  the  gages  are  quite  thin  the 
point  of  effective  measurement  is  not  more  than  0.01  or  0.02  in.  beyond  the  rail  surface. 
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Fig.  1.— Vertical  Web  Stresses— 11  S-lb.  D.  &  R.  G.  W.  Rail— Tangent  Track— Price,  Utah. 
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Before  and  after  the  gages  were  attached  to  the  rail  for  test  measurements,  they  were 
applied  to  a  special  calibration  beam  where  they  were  carefully  calibrated  for  both  ten- 
sion and  compression.  The  calibration  curves  are  not  linear  over  the  whole  range  of 
stress;  one  inch  deflection  on  the  film  record  represents  approximately  30,000  lb.  per  sq.in. 
tension  and  50,000  lb.  per  sq.  in.  compression. 

The  apparatus  further  consisted  of  six  direct-current  amplifiers  and  a  six-element 
magnetic  galvanometer  oscillograph  that  recorded  the  strains  from  the  six  gages  simul- 
taneously on  the  film  record. 

Results  of  Tests  on  115-lb.  Rail  on  Tangent  Track 

The  measurements  of  vertical  web  stresses  were  made  under  the  wheels  of  the  regu- 
lar freight  and  passenger  trains  both  eastbound  and  westbound.  Most  of  the  measure- 
ments on  the  tangent  track  with  the  115-lb.  rail  were  made  with  gages  placed  vertically 
on  the  rail  web  at  both  the  inner  and  outer  web  faces,  the  center  of  the  gage  being  at  a 
height  of  four  inches  above  the  base  of  the  rail.  This  location  was  selected  as  giving  the 
most  general  information  on  the  web  stresses  developed  in  this  rail  and  also  as  being  at  a 
height  comparable  with  other  web  stress  measurements  made  on  the  Denver  &  Rio 
Grande  Western  and  the  Illinois  Central  on  112-lb.  RE  rail  in  1940.  In  Fig.  1  are  plotted 
the  vertical  web  stresses  at  the  inner  and  outer  web  faces  at  six  locations  along  the  track. 
All  values  are  at  a  height  of  four  inches  above  the  base  of  rail.  The  closed  points  repre- 
sent the  stress  values  at  the  inner  web  face  and  the  open  points  the  values  at  the  outer 
web  face.  Different  symbols  are  used  for  the  several  classes  of  locomotives.  Values  above 
the  base  lines  denoted  by  the  minus  sign  are  compressive  stresses;  values  plotted  below 
the  same  base  lines  denoted  by  a  plus  sign  are  tensile  stresses.  At  one  of  the  locations  it 
will  be  noted  that  no  plotted  compressive  stresses  under  a  wheel  at  the  inner  web  face 
are  higher  than  29,000  lb.  per  sq.  in.;  at  four  other  locations,  no  stress  is  higher  than 
39,000  lb.  per  sq.  in.  At  one  location,  47  ft.  north  rail,  there  are  four  individual  stresses 
on  the  inner  web  face  between  40,000  and  50,000  lb.  per  sq.  in.  compression,  and  one 
value  somewhat  greater  than  the  latter  value.  At  another  location  not  plotted,  three  in- 
dividual values  are  greater  than  40,000  lb.  per  sq.  in.  At  the  inner  web  face  there  are  no 
values  of  stress  in  tension  at  any  of  the  locations  measured.  At  the  outer  web  face  the 
stresses  range  from  16,000  lb.  per  sq.  in.  in  tension  to  16,000  lb.  per  sq.  in.  in  compression 
with  one  value  of  26,000  lb.  per  sq.  in.  in  compression  at  a  location  not  plotted. 
A  high  compression  stress  value  in  the  inner  web  face  is  always  accompanied  by  a 
tensile  stress  value  in  the  outer  web  face  under  the  same  wheel,  and  this  denotes  a  bend- 
ing of  the  web. 

Shown  Also  in  Table  1 

Another  manner  of  presenting  the  same  data  is  shown  in  Table  1.  The  stresses  here 
reported  are  the  highest  obtained  under  an  individual  wheel  at  the  inner  and  outer  web 
faces  for  the  given  run.  Values  are  given  in  all  three  columns  when  measurements  were 
made  at  three  locations  along  the  track  for  that  run.  The  data  presented  represent  values 
obtained  from  nine  locations  along  the  track.  It  will  be  noted  that  for  some  of  the  runs 
the  maximum  stresses  at  the  three  locations  along  the  track  are  of  the  same  general  order 
while  for  another  run  one  location  gives  considerably  higher  stresses  than  the  other  two 
locations.  It  is  entirely  probable  that  the  centroid  of  the  wheel  bearing  across  the  rail 
head  varied  greatly  from  point  to  point  along  the  track  thus  causing  the  variation  in 
stress. 

For  one  schedule  of  runs,  five  gages  were  mounted  vertically  on  the  inner  web  face 
and  one  gage  opposite  on  the  outer  web  face  so  that  the  simultaneous  distribution  of  the 
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TABLE  1. 

MAXIMUM  VERTICAL  WEB  STRESSES  MEASURED  UNDER  A  WHEEL 
OF  LOCOMOTIVES  (AND  TINDERS)  PASSING  THE  TEST  LOCA- 
TIONS -  115-LB.   D.  &  R.  G.  W.   RAIL     -     TANGENT  TRACK 

Stresses  are  at  4.0  in.   above  base  at  nine  loca- 
tions along  the  track.     Stresses  are  in  thousands 
of  lb.  per  sq.  in.,     +  is  tension;   -  compression. 

3700  Class  locomotive  4-6-6-4 

1700,   1800  Class     "       4-8-4 

1600  Class  locomotive  4-8-2  (3  cylin.) 


Speed 

Direc- 

Sched- 

STRESS 

STRESS 

STRESS 

Outer 

Inner 

Outer 

Inner 

Outer 

Inner 

Loco. 

Run 

M.P.H. 

tion 

ule 

Face 

Face 

Face 

Face 

Face 

Face 

3700 

206 

42 

W 

0 

+  9.5 

-22.2 

+  9.3 

.24.4 

♦  6.0 

-23.4 

3701 

205 

50 

E 

0 

♦  6.5 

-23.4 

-  2.9 

-25.3 

♦  6.7 

-34.8 

3701 

229 

44 

W 

s 



-42.0 

3703 

202 

48 

E 

0 

+  7.8 

-21.2 

♦  14.6 

-30.7 

+  9.8 

-37.7 

3704 

204 

46 

W 

0 

+  9.3 

-25.8 

+  9.9 

-23.3 

+  5.7 

-23.8 

3704 

226 

47 

E 

s 



-37.5 

3705 

227 

46 

E 

s 



-44.0 

3705 

224 

42 

W 

R 

+11.7 

-38.0 

3706 

212 

44 

E 

P. 

+  8.9 

-22.9 

+  8.0 

-27.3 

+  7.8 

-57.0 

3706 

217 

45 

W 

Q 

♦15.3 

-38.1 

+11.2 

-38.3 

3707 

207 

46 

W 

0 

+  9.8 

-21.7 

+  7.0 

-38.2 

+  2.8 

-21.2 

3707 

218 

45 

W 

Q 

+10.7 

-26.8 

+  7.7 

-32.8 

3708 

201 

33 

w 

0 

+  8.3 

-17.8 

+10.7 

-30.3 

+  7.9 

-28.4 

3709 

209 

35 

E 

p 

♦  8.0 

-28.5 

+10.0 

-26.3 

+  5.9 

-31.3 

3709 

215 

45 

W 

Q 

+11.8 

-33.7 

+  6.2 

-33.0 

3709 

216 

42 

E 

Q 

+  8.2 

-23.4 

+  9.1 

-32.8 

3709 

223 

45 

E 

R 

+  7.0 

-32.0 

1710 

225 

53 

W 

R 

+  3.8 

-20.5 

1800 

228 

62 

w 

S 



-35.5 

1804 

203 

67 

W 

0 

+  6.3 

-26.6 

-4.0 

-23.8 

+  8.0 

-23.4 

1600 

210 

53 

E 

P 

+  5.8 

-23.4 

-16.3 

-31.7 

+  2.0 

-32.2 

1600 

211 

25 

W 

P 

+12.7 

-33.1 

+  2.7 

-19.4 

♦  8.9 

•^19.2 

1602 

213 

37 

E 

P 

+  4.9 

-18.1 

+  3.9 

-22.2 

+  7.9 

-36.0 

1602 

208 

29 

w 

P 

+  5.8 

-28.1 

+15.3 

-34.0 

-1.1 

-30.2 

1605 

219 

30 

w 

Q 

+  2.8 

-24.5 

+  3.7 

-19.1 

1606 

220 

35 

W 

R 

+  3.6 

-17.3 

1606 

222 

17 

w 

R 

+  9.8 

-37.2 

vertical  web  stresses  at  different,  heights  on  the  inner  web  face  could  be  obtained  as 
indicated  in  Fig.  2.  Stresses  under  individual  wheels  were  selected  to  cover  the  total  range 
of  stress  for  all  the  wheels  passing  the  location.  In  the  inner  web  face  the  highest  com- 
pressive stresses  decrease  rapidly  from  the  upper  gage  (located  at  4§£  in.  above  the  base) 
to  the  lower  gages.  In  most  of  the  tests  the  gages  were  located  at  4  in.  above  the  base 
of  rail;  it  is  realized  that  for  the  inner  web  face  the  vertical  compressive  stresses  above 
this  height  may  be  considerably  larger  than  at  the  4  in.  To  obtain  the  stress  at  the 
4J5  in.  height  a  gage  of  only  %.  in.  effective  length  had  to  be  used.  As  the  distribution 
of  stress  down  the  inner  web  face  in  this  figure  is  relatively  similar  to  that  down  the 
inner  face  shown  in  Fig.  3  on  page  765  of  the  Proceedings  for  1941,  Vol.  42,  it  can  be 
reasoned  that  the  stresses  down  the  outer  web  face  would  have  been  of  a  magnitude 
somewhat  comparable  to  the  stresses  shown  in  the  outer  face  of  that  figure. 

Table  2  is  presented  to  show  the  range  of  vertical  web  stresses  measured  in  the 
US-lb.  rail  on  tangent  track.  The  values  given  in  the  top  line  cover  the  total  range  for 
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D.  8  R  G  W.  R  R. 


Tangent  Track 


-60 


-OAD 


-20  0 

Average 
Direct  Stress 


3rd  Driver  1606 
2nd  Tender  1606 
3rd  Driver  1710 
5th  Driver  3705 
1st    Driver  3709 


Fig.  2. — Range  of  Measured  Vertical  Web  Stresses. 

stresses  at  a  web  height  of  four  inches  at  the  nine  locations  along  the  track.  The  values 
given  in  the  lower  lines  are  for  one  track  location  only  at  four  different  web  heights. 

Comparison  of  the  Measured  Web  Stresses 
in  112-lb.  and  115-lb.  Rail  in  Tangent  Trsck 

Fig.  3  is  presented  to  give  a  resume  of  the  frequency  of  occurrence  of  high  vertical 
web  stresses  in  the  several  groups  of  tests  made  to  date.  The  values  given  are  for  loco- 
motive drivers  only  and  represent  a  summation  of  all  the  data  available  from  a  given  set 
of  tests.  From  the  figure  it  is  seen  that  on  the  inner  web  face  of  the  115-lb.  rail  (at  4  in. 
above  the  base)  7.6,  1.0  and  0.3  percent  of  the  compressive  stresses  under  drivers  were 
in  excess  of  35,000,  45,000  and  55,000  lb.  per  sq.  in.,  respectively,  while  for  the  112-lb. 
rail  tests  on  the  D.  &  R.  G.  W.  made  in  1940  the  corresponding  percentages  of  occurrence 
were,  respectively,  11.4,  5.5,  and  1.6  percent  for  the  same  stresses.  This  represents  a  con- 
siderable reduction  in  the  frequency  of  the  higher  compressive  stresses.  At  the  location  on 
the  115-lb.  rail  test  the  wheel  bearing  appeared  to  be  largely  towards  the  gage  side  of 
the  head.  The  gage  corner  of  the  rails  was  quite  bright  with  a  semi-bright  streak  extend- 
ing almost  to  the  middle  of  the  rail  head;  outside  of  the  middle  there  was  a  dull  streak 
about  y2  in.  wide  and  beyond  that  there  had  been  no  bearing  between  wheel  and  rail. 
This  eccentricity  of  wheel  bearing  was  greater  than  at  the  locations  where  the  1940 
tests  were  made  on  the  112-lb.  rail  on  the  D.  &  R.  G.  W.  Because  of  the  highly  eccentric 
general  bearing  at  the  115-lb.  rail  test  locations  on  tangent  track  it  is  reasonable  to  as- 
sume that  there  will  be  few  places  in  ordinary  tangent  track  laid  with  this  rail  where 
the  vertical  web  stresses  will  be  higher  than  those  measured.  Furthermore,  it  is  to  be 
expected  that  as  this  rail  head  wears  more  nearly  to  the  average  wheel  contours  the  eccen- 
tricity of  wheel  bearing  will  be  reduced  with  a  corresponding  decrease  in  the  bending 
stresses  in  the  rail  web. 
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In  the  report  on  "Tests  of  Vertical  Stresses  in  Web  of  Rail"  page  758,  Vol.  42  of  the 
Proceedings,  a  preliminary  analysis  is  presented  of  the  distribution  of  the  direct  compres- 
sive stresses  in  the  rail  web  under  the  wheel  load  and  of  the  bending  stresses  in  the  web 
due  to  eccentric  loading  or  an  accompanying  lateral  force. 

At  a  height  of  4  in.,  the  rail  web  of  the  115-lb.  rail  is  0.75  in.  thick  as  compared 
with  about  0.60  in.  for  the  112-lb.  section.  For  direct  compressive  stresses  the  heavier 


100 


■hi  5     +5  0-5 


-15    -25    -35   -45  -55    -65    +25     +15    +5   0~5 
Stress  in  thousands  of  lb.  per  sg.  in. 


45   -55 


Fig  3. — Frequency  of  Vertical  Web  Stresses  on  Tangent  Track  (Locomotive  Drivers  Only). 

Stresses  below  IS, 000  lb.  per  sq.  in.  compressi  n  and  5,000  lb.  per  sq.  in.  tension 

not  tabulated  in   1940  tests. 


web  under  a  comparable  equal  load  should  give  a  reduction  of  about  20  percent  in  stress, 
but  for  bending  stresses  due  to  eccentric  wheel  loads  or  to  a  lateral  force  on  the  rail  head 
or  a  combination  of  the  two,  the  reduction  in  stress  would  be  more  nearly  as  the  squares 
of  the  thickness,  or  about  36  percent.  As  the  higher  web  stresses  are  due  to  bending 
brought  about  by  a  combination  of  the  above  factors,  it  may  be  expected  that  the  thicker 
web  will  have  a  considerable  effect  in  reducing  the  magnitude  of  the  web  stresses  exist- 
ing under  similar  conditions. 

Under  most  of  the  driving  wheels  the  direct  stress  in  the  rail  web  ranged  from  8,000 
to  14,000  lb.  per  sq.  in.  in  compression  at  a  height  of  3%  or  4  in.  above  the  base.  The 
direct  stress  may  be  considered  to  be  one-half  the  algebraic  sum  of  the  simultaneously 
measured  stresses  on  the  two  opposite  web  faces.  It  has  been  found  that  the  length  of 
rail  section  resisting  the  direct  load  is  relatively  short,  averaging  perhaps  5  in.  in  front 
and  behind  the  wheel,  as  compared  with  IS  in.  or  more  each  way  for  the  bending  stress. 
The  bending  stress  is  the  algebraic  difference  between  the  measured  stress  in  one  face  of 
the  web  and  the  direct  stress.  Bending  of  the  web  is  due  either  to  eccentricity  of  wheel 
loading  or  to  a  lateral  force  on  the  rail  head  or  a  combination  of  the  two ;  combined  they 
may  be  additive  or  they  may  counteract  each  other. 
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Measured  stresses  under  the  drivers  have  been  used  in  determining  the  frequency  of 
high  stresses  because  the  highest  stresses  obtained  on  tangent  track  were  under  the  driv- 
ing wheels.  On  the  115-lb.  rail  under  the  front  truck,  trailer,  and  tender  wheels  there 
was  only  one  compressive  stress  higher  than  35,000  lb.  per  sq.  in.,  and  only  7  percent  of 
the  stresses  on  the  inner  web  face  were  greater  than  25,000  lb.  per  sq.  in.  The  stresses 
under  the  first  two  or  three  cars  behind  the  tender  were  often  recorded  on  the  film  before 
it  was  stopped.  These  car  wheel  stresses  were  not  read  from  the  film  records,  but  from 
observation  it  was  found  that  they  were  all  of  low  or  intermediate  magnitude.  On  tan- 
gent track  high  web  stresses  may  be  said  to  be  confined  to  those  occurring  under  driving 

TABLE  2. 


RANGE  OF  VERTICAL  WEB  STRESSES  IN  115  LB.   RAIL  ON 
TANGENT  TRACK  FOR  ALL  LOCOMOTIVE  AND  TENDER  WHEELS 


Stresses  in  Lb.  per  Sq.  In. 
-     sign  =  compression. 
+      sign  =  tension. 


Height  above 
Base  -  Inches 

Inner  Web  Face 

Outer  Web  Face 

9  Locations  alonp;  Track,    29  Runs 

4 

-57,000  to  0 

-25,700  to  +16,300 

4-17/32 

4 
3-1/4 
2-5/8 

1  Location,    5  Runs 
-53.500  to  -500 
-38,000  to  0 
-16,800   to  +1,800 
-   9,800   to  +5,300 

-15,300  to  +11,700 

wheels  of  locomotives,  as  the  other  wheels  of  a  train  do  not  produce  web  stresses  high 
enough  to  be  of  serious  consequence. 

As  most  of  the  records  on  the  115-lb.  rail  were  made  under  freight  trains  the  pre- 
dominant  speeds  were  about  45  miles  per  hour,  but  the  range  included  speeds  from  20 
to  67  miles  per  hour.  The  speed  of  the  train  did  not  seem  to  have  an  effect  on  the  fre- 
quency of  the  higher  stresses.  The  data  failed  to  disclose  any  particular  distinction  be- 
tween the  effect  produced  by  particular  locomotives  or  classes  of  them.  Neither  could 
a  distinction  be  made  between  the  stresses  under  eastbound  and  westbound  runs.  Higher 
stresses  were  well  divided  between  the  locations  on  the  north  and  south  rail.  It  is  prob- 
able that  with  a  considerably  greater  number  of  runs  some  of  the  above  factors  could 
have  been  segregated  and  more  definite  conclusions  drawn. 

Four  of  the  locations  of  the  measurements  of  web  stresses  were  directly  over  the 
middle  of  the  tie  plates  and  five  locations  were  between  ties.  Two  of  the  locations  di- 
rectly over  the  tie  plates  gave  the  highest  readings  and  the  other  two  locations  gave  as 
high  stresses  as  any  of  the  locations  between  ties.  It  is  possible  that  web  stresses  may  be 
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influenced  to  some  extent  by  the  proximity  of  the  upward  reaction  at  a  tie,  even  though 
this  upward  reaction  is  only  a  third  or  a  fourth  of  the  load  of  an  individual  wheel  in  a 
group  of  normally  spaced  wheels.  Further  tests  would  have  to  be  made  and  laid  out  with 
this  matter  in  mind  before  any  definite  knowledge  on  these  phenomena  can  be  determined. 

In  the  1941  tests  on  the  115-lb.  D.  &  R.  G.  W.  rail  on  tangent  track  near  Price, 
Utah,  the  principal  source  of  the  high  web  stresses  was  the  eccentricity  of  wheel  bearing 
on  the  rail  head.  There  was  a  considerable  decrease  in  both  the  magnitude  and  frequency 
of  the  higher  web  stresses  compared  with  the  measurements  made  on  the  112-lb.  rail  on 
the  same  railroad  in  1940,  even  though  the  wheel  bearing  can  be  considered  to  have  been 
more  eccentric  on  the  115-lb.  rail  tests.  It  is  more  than  probable  that  the  thicker  web 
of  the  115-lb.  rail  materially  reduced  the  magnitude  of  the  vertical  web  stresses. 

Tests  of  Vertical  Stresses  in  Web  of  112-lb.  and  131-lb.  Rails 
on  6-deg.  Curves 
Track 

The  6-deg.  curve  at  Farnham,  Utah,  had  112-lb.  rail  laid  in  1937,  of  intermediate 
manganese  composition  and  not  control  cooled.  There  was  a  relatively  small  amount  of 
head  wear.  The  8  in.  by  11^  in.  double  shoulder  tie  plates  had  a  cant  of  i  in  40  and  an 
eccentricity  of  %  in.  The  outer  end  of  the  tie  plates  under  both  rails  had  cut  into  the 
machine  adzed  ties  from  %  to  Y&  in.  more  than  the  inner  end,  thus  making  the  actual 
cant  of  each  rail  near  zero.  The  track  gage  was  wide  by  about  tV  in.  The  superelevation 
of  4^4  in.  corresponded  to  an  equilibrium  speed  of  about  35  miles  per  hour.  The  line  and 
surface  of  the  curve  was  good;  the  rail  joints  on  the  inner  rail  were  slightly  low. 

The  6-deg.  curve  at  Shoshone,  Colo.,  had  131-lb.  rail  of  intermediate  manganese,  not 
control  cooled,  that  was  originally  laid  in  1936.  The  rails  had  been  transposed  and  re- 
laid  in  December  1940.  The  rail  was  not  badly  worn  when  the  transfer  was  made.  The 
tests  were  made  seven  months  after  the  transfer,  and  at  that  time  the  flanges  against  the 
gage  side  of  the  outer  rail  had  not  worn  off  all  of  the  lateral  head  flow  produced  on  these 
rails  when  they  were  on  the  low  rail  of  the  curve.  The  8  in.  by  12  in.  double-shoulder  tie 
plates  had  a  cant  of  1  in  40  and  an  eccentricity  of  Y\  in.  The  outside  ends  of  the  tie- 
plates  along  the  outer  rail  had  cut  into  the  machine-adzed  ties  from  %  to  %.  in.,  caus- 
ing an  actual  rail  cant  of  about  1  in  60.  The  outside  ends  of  the  tie  plates  along  the 
inner  rail  had  cut  into  the  ties  from  %  to  J4  in.,  causing  an  actual  rail  cant  of  about 
1  in  75  at  two  of  the  test  locations,  and  a  negative  cant  of  1  in  43  at  the  third  test 
location  (Schedule  AA).  The  gage  was  wide  by  l/%  in.  and  the  elevation  of  the  curve 
was  5  in.  The  line  and  surface  of  the  curve  were  fair  to  good.  The  single  track  was 
down  grade  to  the  west  in  mountainous  territory. 

Results  of  Tests  on  6-deg.  Curves  with  112-lb.  Rail 

Carbon  strip  gages  were  placed  vertically  on  inner  and  outer  web  faces  at  three  loca- 
tions along  both  the  inner  and  outer  112-lb.  rails  of  a  6-deg.  curve  at  Farnham,  Utah. 
In  the  upper  part  of  Fig.  4  are  plotted  the  stresses  measured  under  the  individual  wheels 
of  the  locomotives  and  tenders,  in  all  cases  where  the  stress  was  greater  than  10,000  lb. 
per  sq.  in.  either  in  tension  or  compression.  The  plottings  are  the  composite  of  the  records 
at  three  locations  along  each  rail;  at  two  locations  the  gages  were  placed  on  both  web 
faces  at  heights  above  the  base  of  rail  of  4^4  and  2  in.,  and  at  the  third  location  at 
heights  of  4%,  3%  and  2^4  in.  About  six  runs  were  recorded  at  each  of  the  three  loca- 
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tions  on  each  rail.  In  the  top  part  of  Table  3  is  given  the  total  range  of  stresses  recorded 
at  the  several  gage  heights  on  the  same  curve. 

For  the  inner  face  of  the  outer  rail  at  a  height  of  4J4  in.  it  is  seen  that  there  were 
nine  wheels  that  produced  compressive  stresses  above  50,000  and  up  to  over  70,000  lb. 
per  sq.  in.  These  high  stresses  were  found  to  be  under  the  wheels  of  four  3700  class  loco- 
motives (4-6-6-4)   all  running  at  speeds  of  from  41  to  46  miles  per  hour.    There  were 

TABLE  3. 

RflJGE  OF  VERTICAL  WEB  STRESSES  IH  6°  CURVES. 


Stress  in  lb.  per  sq.  In;  -  sign  is  compression; 

+  sign  is  tension.     Locomotive  and  tender  wheals. 

Three  locations  each  rail. 


Height  aboye 
Base  -  Inches 


Inner  Web  Face 


Outer  Web  Face 


6     Curve  -  112-Lb.  Rail  -  Outer  Rail 


4-1/4" 
3-1/2" 
2-3/4" 
2 


-72,000  to  +10,000 

-30,500  to  +  1,800 

-25,000  to  +  20, 000 

-16,000  to  +18,500 


-38,500  to  +38,800 

-34,600  to  +   8,800 
-27,500  to  +20,000 


6"  Curve  -  112-Lb.  Rail  -  Inner  Rail 


4-1/4" 
3-1/2" 
2-3/4" 
2 


-67,000  to  +20,600 

-26,300  to  +27,000 

-16,000  to  +45,000 

-10,000  to  +10,000 


-41,000  to  +29,500 
-55,000  to  +6,300 
-50,000  to  +4,000 
-17,500  to    +5,500 


6°  Curve  -  131-Lb.  Rail  -  Outer  Rail 


4-3/4" 
3-3/4" 
2-3/4" 
2 


-33,200  to  +  3,900 
-16,400  to  +  4,200 
-12,000  to+  4,300 
-13.400   to  +19.000 


-1*5, UUU  to  +    4, 
-13,400   to  +19, 


000 


-19,500  to  +20,700 
-20,200  to  ♦  6,500 
-  8,400  to+  7,800 
-19,400  to  ♦  13, 000 


6    Curve  -  151-Lb.  Rail  -  Inner  Rail 


4-3/4" 
3-3/4" 
2-3/4" 
2 


-63,500  to         0 
-20,000  t0+    4,700 
-15,800  to*    5,300 
-   6,600  to +  16,800 


-15,700  to +26,000 
-18,300  to  *  4,300 
-14,500  to  ♦  6,200 
-24,300  to  0 


three  1600  class  (4-8-2)  and  three  1800  (4-8-4)  locomotives  running  at  speeds  of  from 
40  to  49  miles  per  hour  that  did  not  produce  any  stresses  as  high  as  those  mentioned 
above.  These  high  compressive  stresses  were  accompanied  by  tensile  stresses  up  to  about 
30,000  lb.  per  sq.  in.  at  the  same  height  on  the  outer  web  face.  At  the  gage  heights  of 
iJA,  2^4  and  2  in.  in  the  outer  rail  none  of  the  stresses  was  very  high.  In  the  outer  rail 
some  of  the  higher  stresses  were  found  under  the  front  truck  and  heavy  tender  wheels 
as  well  as  under  the  locomotive  driving  wheels. 

Some  of  the  vertical  web  stresses  measured  in  the  inner  rail  of  this  6-deg.  curve  were 
high.  At  the  inner  web  face  at  a  height  of  4%  in.  there  were  eight  individual  values  well 
above  50,000  lb.  per  sq.  in.  On  the  inner  web  face  at  a  height  of  254  inches  there  were 
a  number  of  tensile  stresses  from  20,000  to  45,000  lb.  per  sq.  in.  Bending  of  the  rail  web 
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in  the  direction  indicated  by  such  a  disposition  of  the  stresses  would  have  to  be  ex- 
plained either  by  the  wheel  bearing  on  the  rail  at  or  near  the  outside  edge  of  the  head 
or,  more  likely,  by  an  outward  lateral  force  on  the  rail  head  toward  the  center  of  the 
curve,  or  by  a  combination  of  both.  In  the  outer  web  face  the  high  values  of  stress  are 
compressive  and  are  greater  at  the  2^4  in.  and  2>y2  in.  heights  than  at  the  4^4  in.  height. 
These  compressive  values  of  stress  in  the  outer  face  also  denote  an  outward  lateral  force 
on  the  rail  head  under  the  individual  wheels  producing  these  values.  The  distribution  of 
stress  in  the  web  of  the  inner  rail  was  distinctly  different  from  that  found  in  any  of  the 
tangent  track  tests  where  only  low  stress  values  were  recorded  in  the  lower  portion  of 
the  rail  web.  The  measurements  at  the  2  in.  height  were  not  at  the  same  "location  along 
the  track  as  those  at  the  height  of  2%  and  2>y2  in.,  so  the  variation  in  locations  may 
account  in  part  for  the  large  difference  in  stresses  at  the  lowest  point.  While  the  gages 
were  on  the  inner  rail,  five  of  the  freight  trains  were  slowed  to  speeds  of  from  3  to  8 
miles  per  hour  as  they  passed  over  the  gages.  These  slow  speed  runs  produced  some  high 
stresses  in  the  inner  rail  but  high  stresses  were  also  produced  by  other  trains  running  at 
speeds  from  35  to  45  miles  per  hour. 

Web  Stresses  for  Individual  Wheels 

In  the  lower  part  of  Fig.  4  are  plotted  the  web  stresses  for  a  few  individual  wheels, 
the  records  for  these  few  wheels  being  selected  to  give  as  nearly  as  possible  the  total 
range  in  stress  at  the  several  gages.  At  the  inner  face  of  both  rails  it  will  be  noted  that 
where  there  is  a  high  compressive  stress  at  the  top  gage,  the  stress  decreases  rapidly  at  the 
lower  gages  and  also  that  the  stresses  may  reverse  in  sign  from  the  upper  to  the  lower 
portion  of  the  inner  web  face.  In  this  same  figure  the  record  for  two  wheels  shows  pro- 
gressively increasing  compressive  stresses  down  the  webs  at  three  gage  heights  on  the 
outer  side  of  the  inner  rail.  These  same  two  wheels  produced  tensile  stresses  in  the  oppo- 
site web  face  that  increased  in  magnitude  at  the  lower  gages. 

It  can  be  said  that  where  any  stress  is  quite  high  in  either  compression  or  tension  in 
one  web  face,  the  stress  in  the  opposite  web  face  will  be  of  the  opposite  sign,  and  the 
two  stresses  will  sum  up  algebraically  to  produce  a  direct  stress  always  in  compression. 
Under  wheels  that  produce  a  high  value  of  stress  in  one  web  face  of  either  rail  at  the 
height  of  4J4  in.  the  direct  stress  usually  ranges  from  10,000  to  20,000  lb.  per  sq.  in. 
compression.  At  the  height  of  3^  in.  'the  direct  stress  is  somewhat  lower;  and  at  the 
heights  of  2^4  and  2  in.  the  direct  stress  is  usually  from  4,000  to  10,000  lb.  compression. 
At  the  locations  toward  the  lower  part  of  the  web  the  direct  stress  decreases  more  rapidly 
than  the  web  thickness  increases,  indicating  that  the  length  of  the  rail  section  resisting 
the  direct  load  is  somewhat  longer  toward  the  bottom  of  the  web  than  toward  the  top. 
This  conclusion  is  borne  out  by  photo-elastic  studies  of  the  stresses  produced  in  rail  webs. 

Results  of  Measurements  on  6-deg.  Curve  with  131-lb.  Rail 

In  the  upper  part  of  Fig.  5  are  plotted  the  vertical  web  stresses  under  the  individual 
wheels  of  the  locomotives  and  tenders  of  trains  in  regular  traffic  in  the  outer  and  inner 
rails  of  a  6-deg.  curve  laid  with  131-lb.  RE  rail.  The  diagrams  are  composites  of  the 
records  at  three  locations  along  each  rail.  At  two  locations  along  each  rail  there  were 
gages  on  both  web  faces  at  heights  above  the  base  of  4$4  and  2^4  in.,  and  at  one  loca- 
tion gages  were  placed  at  heights  of  4?4,  3^4  and  2  in.  Usually  the  lowest  stresses  were 
not  plotted.  The  range  in  vertical  web  stresses  measured  on  this  curve  is  given  in  the 
lower  part  of  Table  3. 

It  will  be  seen  at  once  that  the  stresses  in  the  outer  rail  are  materially  lower  than 
the  stresses  produced  in  the  outer  rail  of  the  other  6-deg.  curve  laid  with  112-lb.  rail. 
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At  the  highest  gage  on  the  inner  web  face  there  are  no  stresses  as  high  as  35,000  lb.  per 
sq.  in.  in  compression.  At  this  height  there  may  be  some  tendency  for  an  outward  lateral 
force  on  the  rail  head  to  counteract  the  bending  moment  in  the  web  caused  by  the  pres- 
ence of  the  centroid  of  the  wheel  bearing  at  or  near  the  gage  corner  of  the  rail,  for  wheels 
whose  flanges  are  against  the  rail.  The  stresses  at  the  two-inch  height  are  somewhat 
higher  than  at  the  intermediate  heights  and  are  so  disposed  as  to  denote  some  outward 
bending  of  the  web.  As  this  curve  was  in  mountainous  territory  the  train  speeds  were 
restricted  which  would  not  be  conducive  to  the  development  of  high  stresses  in  the  outer 
rail.  Only  two  passenger  trains  were  running  at  the  speed  of  superelevation  of  35  miles 
per  hour;  most  other  trains  were  traveling  at  speeds  of  from  20  to  32  miles  per  hour. 

On  the  inner  rail  of  the  curve  very  high  vertical  compressive  stresses  were  produced 
in  the  inner  web  face  at  a  height  of  4?4  in-  There  were  12  individual  wheels  that  pro- 
duced stresses  greater  than  50,000  lb.  per  sq.  in.  even  in  this  heavy  rail.  Of  the  three  loca- 
tions along  the  inner  rail  of  the  track,  one  location  produced  no  stresses  as  high  as 
40,000  lb.  per  sq.  in.;  the  second  location  had  only  three  individual  stresses  as  high  as 
this  value,  and  the  third  location,  where  the  rail  was  canted  outward  1  in  43,  produced 
almost  all  of  the  high  stresses.  The  track  was  not  out  of  line  at  the  latter  location,  but 
it  is  probable  that  the  outer  ends  of  the  tie  plates  at  that  point  had  cut  into  the  ties  to 
a  greater  extent  than  at  most  other  places  along  the  track.  The  stresses  are  slightly 
higher  at  the  two-inch  gage  height  than  for  the  intermediate  heights.  For  the  19  trains 
recorded  at  the  inner  rail,  only  three  were  running  at  slow  speeds  and  the  others  were 
running  at  from  22  to  34  miles  per  hour.  Some  high  stresses  were  recorded  at  the  higher 
speeds  but  a  much  larger  proportion  of  high  stresses  under  individual  wheels  were  re- 
corded in  the  three  low  speed  runs. 

In  the  lower  half  of  Fig  5,  the  records  for  five  individual  wheels  have  been  selected 
for  each  rail  to  show  the  variation  in  stress  at  the  various  web  heights.  These  records 
were  selected  also  to  cover  the  total  range  of  stress  recorded  at  the  several  gages. 

Comments  on  the  Web  Stresses  in  the  Rails  of  Curved  Track 

It  is  to  be  expected  that  high  vertical  web  stresses  will  be  produced  in  the  upper 
part  of  the  web  of  both  the  inner  and  outer  rails  of  sharply  curved  track  under  those 
driving  wheels  where  the  centroid  of  the  wheel  bearing  is  well  away  from  the  middle  of 
the  rail  head.  It  is  to  be  further  expected  that  large  lateral  forces  at  certain  wheels  on 
the  rail  head,  either  in  turning  the  locomotive  on  the  curve  or  in  resisting  turning,  will 
produce  high  bending  stress  in  the  rail  web  and  that  this  bending  may  produce  high 
stresses  in  the  lower  portion  of  the  rail  web. 

Fig.  6  is  presented  to  show  the  frequency  of  stresses  higher  than  a  given  stress  for 
each  rail  of  the  two  6-deg.  curves.  Only  the  stresses  at  the  top  web  gages  are  included. 
The  black  circles  represent  the  values  at  the  inner  web  faces  and  the  open  circles  those  at 
the  outer  faces.  The  heavy  lines  and  circles  represent  the  summation  of  the  data  for  the 
driving  wheels  of  locomotives,  and  the  lighter  lines  show  those  for  the  front  truck  and 
trailer  wheels  of  locomotives  and  the  wheels  of  tenders.  Twenty  percent  of  the  stresses 
under  driver  loading  in  the  inner  web  faces  of  both  inner  rails  were  greater  than  35,000 
lb.  per  sq.  in.  compression,  while  the  percentages  of  values  at  the  higher  stresses  is  large. 
For  the  outer  rail  of  the  6-deg.  curve  laid  with  112-lb.  rail  the  percentage  of  high  values 
is  large,  but  for  the  outer  rail  of  the  curve  laid  with  131  -lb .  rail  there  are  no  high  values. 
It  will  be  remembered  that  the  train  speeds  were  higher  on  the  first  curve  but  the  large 
difference  in  stresses  in  the  outer  rails  cannot  be  explained  entirely  by  the  difference  in 
speeds. 
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Fig.  6. — Frequency  of  Vertical  Web  Stresses  on  6-deg.  Curve. 


For  both  inner  rails  the  front  truck,  trailer  and  tender  wheels  produced  much  lower 
stresses  than  did  the  driving  wheels,  but  in  both  outer  rails  the  tender  wheels  produced  a 
greater  percentage  of  moderately  high  stresses  than  did  the  driving  wheels. 

Stresses  were  measured  in  both  edges  of  the  base  of  the  inner  and  outer  rails  of 
both  curves  at  two  locations  per  rail.  Only  moderate  longitudinal  lateral  bending  stresses 
were  developed  in  the  rail  bases  and  from  this  fact  it  can  be  reasoned  that  for  curves 
producing  higher  lateral  bending  in  the  base  of  the  rails,  higher  lateral  bending  stresses  in 
a  vertical  direction  would  be  produced  in  the  lower  portion  of  the  webs  than  the  stresses 
reported. 
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MEMOIR 
Ulrtfjur  Jftetoell  Talbot 

Died  April  3,  1942 

It  has  been  said  that  the  true  measure  of  a  man's  worth  is  to  be  found  in  the  value 
of  his  contribution  to  his  times.  By  the  death  of  Arthur  Newell  Talbot,  professor  emeri- 
tus of  municipal  and  sanitary  engineering,  the  University  of  Illinois,  and  chairman  of  the 
Committee  on  Stresses  in  Track,  the  American  Railway  Engineering  Association  for  27 
years,  a  long  life  has  closed,  so  replete  with  achievement  in  his  chosen  fields  of  research 
that  it  is  difficult,  if,  indeed,  not  impossible,  at  this  day,  to  assess  its  full  value  both  for 
leadership  in  thought  and  outstanding  achievement  in  civil  engineering.  Not  alone  did 
Dr.  Talbot's  genius  enrich  many  fields  of  engineering  science  but  his  brilliant  talents  were 
such  that  speculation  became  fact  and  fact  advanced  to  become  accepted  practice. 

Born  on  October  21,  1857,  at  Cortland,  a  village  west  of  Chicago,  Arthur  Newell 
Talbot  was  one  of  the  pioneer  children  of  the  Northern  Illinois  settlements.  He  came  of 
true  Anglo-Saxon  stock,  his  father,  Charles  A.  Talbot,  being  a  native  of  London,  Eng- 
land, and  his  mother,  Harriet  Newell  Talbot  of  Brockville  Ont. 


Arthur  Newell  Talbot 


Dr.  Talbot  attended  the  public  school  at  Cortland  and  the  high  school  at  Sycamore, 
a  neighboring  town,  and  subsequently  taught  a  district  school  for  two  years.  In  1881, 
he  graduated  in  civil  engineering  from  the  Illinois  Industrial  University,  now  the  Univer- 
sity of  Illinois.  In  addition  to  the  active  part  which  he  took  in  college  life,  he  was  an 
able  and  versatile  student  of  exceptional  mathematical  ability,  and  the  average  of  his 
scholastic  attainments  was  such  that  for  many  years  it  remained  a  record  for  the  univer- 
sity. It  was  during  his  student  days  that  he  developed  those  inestimable  qualities  of  pre- 
cision, clarity  and  brevity  in  speaking  and  in  writing  which  remained  characteristic  of 
him  throughout  life. 
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After  graduation,  Dr.  Talbot  engaged  in  engineering  work  on  location,  construction 
and  maintenance  upon  the  transcontinental  railroads  then  building  to  the  Pacific  Coast, 
and  for  four  years  he  worked  in  Kansas,  Colorado,  New  Mexico  and  Idaho.  In  Septem- 
ber 1885  he  returned  to  the  University  of  Illinois  as  assistant  professor  of  engineering 
and  mathematics.  He  taught  a  wide  range  of  subjects,  including  mathematics,  surveying, 
engineering  drawing,  contracts  and  specifications,  roads  and  pavements,  railroad  engineer- 
ing mechanics  and  materials,  hydraulics,  tunneling  and  explosives,  and  water  supply  and 
sewerage.  In  1890  he  was  promoted  to  professor  of  municipal  and  sanitary  engineering, 
in  charge  of  theoretical  and  applied  mechanics,  which  post  he  relinquished  in  1926  to 
become  professor  emeritus.  Although  retired,  by  virtue  of  his  years,  from  the  active 
teaching  and  administration  of  the  department,  Dr.  Talbot  continued  his  work  of  direct- 
ing an  extensive  research  program  which  included  research  for  the  American  Railway 
Engineering  Association  on  stresses  in  railroad  track,  and  it  was  not  until  March  1941 
that  he  retired  from  the  chairmanship  of  the  committee. 

September,  1885,  was  the  turning  point  in  Dr.  Talbot's  career.  It  was  then  that  he 
returned  to  the  University  of  Illinois,  and  commenced  a  life  work  of  academic  and  pub- 
lic service  that  was  to  last  for  56  consecutive  years  and  to  win  him  an  international 
recognition,  such  as  set  forth  by  the  United  Engineering  Societies  in  conferring  upon  him 
the  highest  of  American  engineering  honors,  the  John  Fritz  Gold  Medal,  with  the  cita- 
tion as  a  "moulder  of  men,  eminent  consultant  on  engineering  projects,  leader  of  research 
and  outstanding  educator  in  civil  engineering." 

No  mere  outline  of  Dr.  Talbot's  educational  and  research  work  couid  attempt  an 
analysis  of  the  scope  and  depths  of  his  achievements.  His  was  the  spirit  that  guided  in 
the  development  of  the  University  of  Illinois  College  of  Engineering  and  the  building 
of  the  university's  testing  laboratories,  of  which  the  materials  testing  laboratory  bears  his 
name.  He  was  active  in  the  formation  and  development  of  the  Illinois  Engineering  Ex- 
periment Station,  and  in  connection  with  this  he  made  numerous  investigations  of  the 
properties  of  steel,  brick,  concrete,  reinforced  concrete,  and  in  water  purification,  sewage 
treatment,  and  hydraulics.  His  comprehensive  investigation  of  reinforced  concrete,  which 
was  far  reaching  in  effect  and  included  its  use  and  proper  design,  attracted  world-wide 
attention.  Dr.  Talbot  also  directed  student  activities  sponsored  by  the  American  Society 
of  Civil  Engineers,  in  addition  to  those  sponsored  by  the  AREA. 

Dr.  Talbot  made  many  valuable  contributions  to  research  work  in  his  chosen  fields. 
Early  in  his  career  he  developed  a  formula  for  areas  of  waterways  for  bridges  and  cul- 
verts, and  a  second  formula  for  rates  of  maximum  runoff.  Both  of  these  formulas  are 
widely  used  and  bear  his  name.  Yet  another  important  contribution  was  a  treatise  on  a 
flexible  method  of  laying  out  easement  curves,  or  spirals,  at  the  ends  of  circular  curves. 
Several  editions  of  this  work  were  published  and  his  methods  were  adopted  by  a  large 
number  of  railroads. 

Notable  among  Dr.  Talbot's  many  scientific  activities  was  the  investigation  of  stresses 
in  railroad  track  which  he  conducted  for  the  AREA  from  1914  to  1941.  This  project  was 
very  complex  and  required  the  technical  resources  of  the  University  of  Illinois,  the  co- 
operation of  the  railroads,  and  the  making,  or  perfecting,  of  instruments  for  measure- 
ment of  stresses  produced  by  variable  weights  and  speeds  of  trains.  Through  this  re- 
search work,  carried  out  over  a  period  of  27  years,  reliable  knowledge  on  the  interrela- 
tion between  track  and  rolling  stock  was  developed  by  a  multitude  of  tests  on  many  rail- 
roads and  in  the  laboratory.  The  information  thus  obtained  has  materially  aided  the  de- 
sign of  the  track  structure  to  carry  modern  traffic  and  has  provided  additional  valuable 
information  for  the  design  of  rolling  stock. 
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A  member  of  a  large  number  of  the  foremost  engineering  associations  and  societies, 
Dr.  Talbot  was  a  past-president  of  the  American  Society  of  Civil  Engineers,  the  Ameri- 
can Society  for  Testing  Materials,  and  the  Society  for  Promotion  of  Engineering  Educa- 
tion, as  well  as  honorary  member  of  many  other  organizations  of  a  similar  nature,  in- 
cluding this  Association,  of  which  he  served  as  a  director  from  1915  to  1918,  and,  again, 
from  1928  to  1931.  He  was  a  generous  contributor  of  papers  to  the  various  associations 
and  the  committees  upon  which  he  served. 

The  genius  of  Dr.  Talbot  was  recognized  to  the  full  during  his  long  life  of  service, 
and  to  enumerate  the  honors  conferred  upon  him  would  be  virtually  to  catalogue  the 
distinctions  that  might  be  conferred  in  the  engineering  and  allied  sciences,  wide  though 
that  field  may  be.  He  held  close  to  a  dozen  medals  and  awards  and  had  the  honorary 
degrees  of  Doctor  of  Science  conferred  upon  him  by  the  University  of  Pennsylvania, 
Doctor  of  Engineering,  by  the  University  of  Michigan,  and  that  of  Doctor  of  Laws  by 
the  University  of  Illinois. 

A  great  teacher,  Dr.  Talbot's  personality,  depth  of  knowledge,  and  enthusiasm  bound 
his  students  to  him  by  an  invisible  bond  that  gave  to  them  an  understanding  and  vision 
of  their  work  which  made  of  them  something  more  than  mere  technical  experts.  Because 
of  these  same  qualities  he  was  in  constant  demand  as  a  consultant  for  engineering  proj- 
ects, private  and  public.  He  accepted  such  commissions  when  permitted  by  his  educa- 
tional and  research  work,  and  two  of  the  largest  projects  in  which  he  acted  in  a  consul- 
tative capacity  were  the  Galveston  Causeway  and  the  preliminary  stages  of  the  great 
bridge  across  San  Francisco  Bay,  between  San  Francisco  and  Oakland.  But  his  educa- 
tional and  research  activities,  centering  in  the  College  of  Engineering,  of  the  University 
of  Illinois,  always  had  first  claim  to  his  time,  energy  and  affection,  and  his  allegiance 
to  them  never  faltered  throughout  the  years. 

In  appreciation  of  the  inestimable  service  given  by  Dr.  Talbot  to  railway  transpor- 
tation the  AREA  decided  at  its  1941  convention  to  present  to  the  University  of  Illinois 
a  bronze  tablet  inscribed  to  Dr.  Talbot  in  recognition  of  his  splendid  attainments  and 
accomplishments.  The  presentation  of  this  tablet  was  made  in  the  College  of  Engineering, 
on  his  84th  birthday,  before  an  impressive  convocation  of  representatives  of  the  Asso- 
ciation, the  faculty  of  the  University,  and  the  student  body.  This  acknowledgment  of  the 
admiration  and  affection  in  which  his  fellow  members  of  the  Association  held  Dr.  Talbot 
came  none  too  soon.  As  was  his  annual  custom,  he  attended  the  annual  Association  con- 
vention, in  Chicago,  in  March  of  this  year  and  there  fell  ill  and  passed  away. 

The  genius  and  vision  of  Arthur  Newell  Talbot  won  for  him  a  permanent  place  on 
the  honor  roll  of  his  chosen  profession;  but  the  outstanding  memorial  to  his  work  and 
the  one  that  he  valued  the  most  in  life,  is  the  Arthur  Newell  Talbot  Laboratory,  at  the 
University  of  Illinois  in  Urbana,  111.  It  is  fitting  that  the  bronze  tablet  inscribed  by  the 
AREA,  "with  affectionate  admiration  of  his  fine  personality  ...  in  recognition  of  his 
pre-eminence  in  engineering  education  and  research  .  .  .  and  in  acknowledgment  of  his 
brilliant  research  as  chairman  of  the  Association's  Committee  on  Stresses  in  Railroad 
Track  from  1914  to  1941",  should  be  set  upon  a  wall  of  Talbot  Laboratory — a  complete 
tribute  to  his  greatest  research  work. 

Louis  Yager,  Chairman, 

F.  L.  C.  Bond, 

W.  J.  Burton, 

J.  L.  Campbell, 

F.  R.  Layng, 

W.  H.  Penfleld, 

Committee  on  Memoir. 
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Died  April  9,  1942 

William  Francis  Cummings  was  born  at  Charlestown,  Mass.,  December  9,  1887,  the 
son  of  Patrick  W.  and  Mary  Rose  (Brown)  Cummings.  He  attended  the  Mechanic  Arts 
High  School  of  Boston,  from  which  he  was  graduated.  He  later  attended  evening  classes 
at  Lowell  Institute. 

He  married  Catherine  E.  Kelley  of  Marblehead,  Mass.,  on  April  28,  1924.  He  is 
survived  by  Mrs.  Cummings,  one  daughter,  Mary  Joan,  his  father,  four  brothers  and 
six  sisters. 

Mr.  Cummings'  entire  engineering  career  was  with  the  Boston  &  Maine  Railroad 
and  its  subsidiaries.  He  entered  the  service  of  the  railroad  as  a  chainman  in  the  engineer- 
ing  department   and   was   assigned   to   survey   parties   for   double-tracking   work,   filling 
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successively  the  positions  of  chainman,  rodman,  transitman  and  assistant  engineer  until 
November  1,  1911.  A  reorganization  of  the  engineering  department  and  the  setting  up 
of  divisions  for  maintenance  purposes  was  then  established  and  Mr.  Cummings  was 
assigned  to  the  first  division  with  headquarters  at  Salem,  Mass.,  with  title  of  chief  of 
party.  On  April  1,  1914  he  was  appointed  assistant  engineer  in  the  office  of  the  valuation 
engineer,  then  on  March  1,  1920  assistant  valuation  engineer,  and  on  January  1,  1921, 
valuation  engineer.  On  January  1,  1926  he  was  appointed  auditor  of  disbursements  in 
addition  to  his  position  as  valuation  engineer.  On  April  1,  1927  he  was  appointed  engi- 
neer maintenance  of  way,  and  on  November  1,  1928  assistant  chief  engineer  of  the 
Boston  &  Maine.  On  August  1,  1936,  in  addition  to  his  duties  as  assistant  chief  engineer 
of  the  Boston  &  Maine  he  was  appointed  assistant  chief  engineer  of  the  Maine  Central 
Railroad  and  the  Portland  Terminal  Company.  On  December  19,  1938  he  was  appointed 
acting  chief  engineer  of  the  three  companies  and  on  February  1,  1939  he  was  appointed 
chief  engineer  which  position  he  held  at  the  time  of  his  death. 

One  of  the  outstanding  achievements  of  Mr.  Cummings'  career  as  chief  engineer  of 
the  Boston  &  Maine  was  the  work  of  relocation  in  1940-41  of  approximately  4^2  miles 
of  the  main  line  of  the  Fitchburg  division,  which  relocation  was  required  because  of  the 
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construction   of  a   flood   control   dam  at   Birch   Hill,   Royalston,   Mass.,   by   the   federal 
government. 

Mr.  Cummings  was  elected  a  member  of  the  American  Railway  Engineering  Asso- 
ciation in  1928.  He  was  elected  a  director  of  the  Association  in  1933  and  vice-president 
in  March  1941,  being  senior  vice-president  at  the  time  of  his  death.  He  was  for  some 
time  a  member  of  Committee  11,  Records  and  Accounts,  and  of  Committee  14,  Yards 
and  Terminals,  of  which  latter  committee  he  was  vice-chairman  at  the  time  of  his  elec- 
tion as  vice-president  of  the  Association.  His  contributions  to  the  deliberations  and  con- 
clusions of  Committee  14  will  long  be  remembered  by  those  who  served  with  him. 

His  service  on  the  Board  of  Direction  and  as  vice-president  of  the  Association  greatly 
endeared  him  to  the  members  of  the  board  and  the  executive  officers;  his  willingness  to 
analyze  comprehensively  questions  that  were  presented  and  the  ability  and  sincerity  with 
which  his  opinions  were  expressed  won  for  him  the  respect  and  admiration  of  his 
colleagues. 

Because  of  his  office  with  the  American  Railway  Engineering  Association  he  was  a 
member  of  the  General  Committee,  Engineering  Division,  Association  of  American  Rail- 
roads, representing  the  Construction  and  Maintenance  Section,  and  served  also  for  a 
time  as  member  of  the  Research  Committee.  He  was  an  alternate  representative  of  the 
Association  of  American  Railroads  on  American  Standards  Council. 

Mr.  Cummings  was  not  willing  to  confine  his  activities  to  his  railway  engineering 
profession  but  devoted  time  and  his  rare  talents  to  many  civic  and  charitable  organiza- 
tions. He  was  actively  engaged  in  the  work  of  these  organizations  and  was  a  member  of 
the  Boston  Society  of  Civil  Engineers,  a  member  and  past-president  of  the  New  England 
Railroad  Club,  a  member  of  the  Society  of  American  Military  Engineers,  a  member  of 
Algonquin  Club  of  Boston,  member  of  the  Boston  City  Club,  a  member  of  the  Bunker 
Hill  Council,  Knights  of  Columbus,  Charlestown,  Mass.,  a  member  of  the  Massachusetts 
Catholic  Order  of  Foresters,  president  of  St.  Mary's  Conference,  St.  Vincent  DePaul 
Society  of  Charlestown,  and  a  trustee  of  the  Mary  Alley  Hospital.  He  was  one  of  the 
incorporators  of  the  Marblehead  Savings  Bank  and  also  an  incorporator  of  the  Hibernia 
Savings  Bank  of  Boston.  In  the  affairs  of  the  town  of  Marblehead  he  had  served  as  a 
member  of  the  finance  committee  and  as  chairman  of  special  committees.  His  last  service 
in  this  connection  was  as  chairman  of  a  committee  making  a  study  of  the  needs  of  the 
water  department  of  the  town.  The  esteem  in  which  he  was  held  and  the  admiration  of 
his  fellow  citizens  was  ably  expressed  in  many  articles  in  the  daily  press  at  the  time  of 
his  death.  An  editorial  from  the  Marblehead  Messenger  of  April  16th  states,  "As  a  man 
Mr.  Cummings  was  as  exceptional  as  his  record  with  the  Boston  &  Maine.  He  possessed 
all  those  qualities  of  decency  which  earn  one  the  respect  and  regard  of  his  fellow  men. 
He  always  reminded  the  writer  of  that  expression  in  Shakespeare,  'The  elements  so  mixed 
in  him  that  nature  might  stand  forth  to  all  the  world  and  say,  this  was  a  man'." 

The  American  Railway  Engineering  Association  deplores  the  loss  of  William  Francis 
Cummings.  His  presence  and  his  kindly  counsel  will  be  sorely  missed  and  his  associates 
who  served  with  him  in  the  Association  feel  keenly  the  loss  of  so  fine  a  character.  He 
was  a  great  engineer,  a  man  of  sterling  Christian  character  and  an  outstanding  citizen  in 
his  community.  Truly  it  may  be  said  of  him  that  he  was  a  friend  to  man. 

E.  M.  Hastings,   Chairman, 
M.  J.  J.  Harrison, 
C.  H.  Mottier, 
C.  S.  Robinson, 
C.  E.  Smith, 

Committee  on  Memoir. 
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Cmtl  Herbert  Jfritcf) 

Died  March  18,  1943 

The  death,  on  March  18,  1943,  of  Emil  Herbert  Fritch,  retired  secretary  of  the 
American  Railway  Engineering  Association  marked  the  end  of  a  unique  career.  He  laid 
no  claim  to  the  title  of  "engineer",  and  he  enjoyed  but  a  brief  contact  with  actual  rail- 
roading, yet  through  sheer  force  of  personality  and  of  long  and  loyal  service  he  has  left 
the  stamp  of  his  influence  on  the  American  Railway  Engineering  Association. 

E.  H.  Fritch  was  born  at  Galena,  111.,  on  March  13,  1860,  the  eldest  child  of  Joseph 
and  Margaret  Fritch.  His  formal  education  ended  at  an  early  age  in  order  that  he  might 
learn  the  printer's  trade,  and  he  soon  obtained  employment  on  the  Illinois  State  Register 
(Springfield).  Later  he  obtained  work  as  a  compositor  on  the  Pana  (Illinois)  Paladium. 
Subsequently  his  travels  as  a  journeyman  printer  took  him  to  Philadelphia  and  New 
York  where  he  was  employed  by  Harper  and  Brothers.  In  their  employ  he  was  engaged 
at  one  time  in  setting  type  for  Lew  Wallace's  "Ben  Hur".  Following  further  service  as  a 
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compositor  on  the  Litchfield  (Illinois)  Courier-Journal,  and  a  brief  venture  as  a  mer- 
chant in  Fritchton,  Ind.,  he  was  employed  for  a  time  in  various  clerical  capacities  on  the 
Baltimore  &  Ohio  Southwestern  Railroad  at  Springfield,  111. 

With  this  background  E.  H.  Fritch,  at  the  age  of  40,  entered  the  employ  of  the  then 
American  Railway  Engineering  and  Maintenance  of  Way  Association,  and  six  years 
later,  in  1906,  became  its  secretary.  His  experience  as  a  printer  stood  him  in  good  stead 
for  it  gave  him  a  knowledge  of  publication  practice  and  a  proficiency  in  English  com- 
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position  which  aided  him  in  editing  the  publications  of  the  Association  and  was  evidenced 
in  the  clear  and  concise  style  of  his  writings.  Perhaps  the  least  known  of  his  talents  was 
a  knowledge  of  German,  gained  from  his  parents,  which  he  once  put  to  extraordinary  use 
in  translating  letters  written  by  Frederick  Count  von  Zeppelin  during  the  course  of 
correspondence  with  Octave  Chanute  while  the  latter  was  engaged  in  his  historic  experi- 
ments in  aviation. 

E.  H.  Fritch  by  reason  of  his  intimate  contact  with  the  leaders  in  the  field  of  rail- 
way engineering  throughout  the  better  part  of  two  generations,  acquired  a  composite 
view  of  the  salient  objectives  of  the  American  Railway  Engineering  Association.  This 
knowledge  greatly  enhanced  his  influence  as  a  steadying  hand  in  the  councils  of  succes- 
sive administrations.  It  proved  of  particular  value  during  the  critical  period  of  1918-19 
when  the  Association  was  effecting  a  co-operative  working  arrangement  with  the  Ameri- 
can Railway  Association,  and  again  later  with  the  Association  of  American  Railroads, 
under  which  the  independent  identity  of  the  American  Railway  Engineering  Association 
was  retained. 

One  of  his  outstanding  assets  was  his  extraordinary  memory  of  names  and  faces. 
His  ability  to  identify  and  call  the  name  of  any  member  who  addressed  the  chair  at  the 
annual  meetings  of  the  Association  has  become  almost  legendary.  This  faculty,  coupled 
with  a  dignified  but  thoroughly  genuine  affability,  gained  for  him  the  affection  of  the 
rank  and  file  of  the  Association's  membership.  He  was  officially  a  member  of  only  one 
committee,  that  on  Yards  and  Terminals,  with  which  he  was  identified  from  1924  until 
his  retirement,  but  he  never  failed  to  find  time  to  extend  help  to  other  committees,  in 
the  work  of  all  of  which  he  had  a  sincere  and  continuing  interest. 

The  spirit  of  cordiality  and  helpfulness  that  he  manifested  whenever  anyone  came 
to  him  for  assistance  was  responsible  in  no  small  way  for  the  good  reputation  which  the 
American  Railway  Engineering  Association  has  enjoyed  the  world  over  as  a  source  of 
authoritative  information  in  regard  to  American  railway  engineering  practice.  It  was 
characteristic  of  him  that  even  in  his  dealings  with  representatives  of  foreign  lands  he 
studiously  avoided  any  word  or  act  which  might  leave  the  impression  that  he  considered 
himself  an  authority  on  any  of  the  subjects  of  inquiry.  Nevertheless  his  knowledge  was 
such  that  he  was  appointed  to  represent  the  American  Railway  Engineering  Association 
at  the  World  Engineering  Congress  in  Tokio  in  October  and  November,  1929. 

The  singleness  of  purpose  which  characterized  his  years  of  service  with  the  Asso- 
ciation was  outstanding,  for  it  can  well  be  said  that,  save  for  his  family  ties,  he  had  no 
other  interests.  Continuously  for  37  years,  during  31  of  which  he  occupied  the  position 
of  secretary,  he  served  the  American  Railway  Engineering  Association  with  unfailing 
loyalty.  Quiet  and  reserved  in  speech  he  could  nevertheless  be  positive  in  the  statement 
of  his  views.  Conservative  by  temperament  he  was  convinced  that  the  established  poli- 
cies of  the  Association  represented  the  mature  conclusions  of  the  many  outstanding 
leaders  who  had  gone  before,  and  that  any  suggestion  for  a  marked  deviation  from  them 
must  be  viewed  with  extreme  caution  and  be  adopted  only  after  the  most  careful  and 
deliberate  consideration. 

E.  H.  Fritch  retired  from  the  position  of  secretary  of  the  American  Railway  Engi- 
neering Association  in  1937  at  the  age  of  77.  He  was  proud  of  the  Association  and  of 
the  high  esteem  in  which  it  was  held  both  at  home  and  abroad.  Great  as  was  his  con- 
tribution to  the  establishment  and  maintenance  of  this  high  esteem  he  claimed  no  per- 
sonal credit  for  it.  His  modesty  in  this,  as  in  all  things,  was  sincere. 
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The  American  Railway  Engineering  Association  is  grateful  for  having  been  the  re- 
cipient of  the  loyalty  and  the  efficient  service  rendered  it  by  E.  H.  Fritch.  It  is  proud  of 
the  man  himself,  and  of  the  stamp  of  his  influence  which  it  bears.  He  will  be  greatly 
missed  and  affectionately  remembered  by  his  many  friends  and  co-workers. 

J.  E.  Armstrong,  Chairman 

J.  R.  W.  Ambrose 

R.  C.  Bardwell 

H.  R.  Clarke 

W.  T.  Dorrance 

H.  M.  Stout 

Louis  Yager 

Committee  on  Memoir. 
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